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This dissertation is a study that intends to contribute to develop a systematic
approach for the preparation of Coastal States in the advent of MASS operations
within coastal waters in the near future. The study aims to develop a strategy and
draft plan for its implementation by coastal States for the management of future
operations of Maritime Autonomous Surface Ship (MASS). This is to ensure
secure, safe, and efficient MASS operations on clean and protected coastal waters.
Qualitative research method was used for this research that includes exploring the
wider maritime stakeholders’ and other relevant industries’ perspectives enriched
by insights via distribution of questionnaires and interviews. Interviews have been
made with various stakeholders (IMO, Coastal States, Flag States, Maritime
Administrations, Seafarers, MASS Technology Developers/Designers, The
Academe, Shipping Sector). Qualitative data from survey questionnaires and
interviews, is analyzed using thematic analysis to mold the data. Data were
obtained from literatures pertaining to MASS and other disruptive technologies,
MASS research projects, and IMO publications. All those data were subjected to
qualitative and statistical analysis of data as well.
The study concluded that a merger between the coastal State and the MASS
operator through a MASS operations center (MOC) will serve as an appropriate
strategy accompanied by a strategy map and strategy implementation plan that
illustrates the direction and means to achieve the goals. Ultimate vision of this
research is to comprehensively contribute to secure, safe, and efficient MASS
operations on clean and environmentally protected coastal waters.
KEYWORDS : Coastal State, MASS, Strategy, Management, Precautionary
Principle, Merger, UNCLOS, MOC, RCC
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DEVELOPMENT OF A STRATEGY
FOR MANAGEMENT OF AUTONOMOUS SHIPS
BY COASTAL STATES

1. Introduction

The curiosity of the human mind for technological advancement leading to digital
revolutions is a main factor that is creating dramatic changes in the behavior of society
and different industries in pursuit of championing convenience in everything brought
by faster, bigger and/or limitless capacity, intelligent, virtual, augmented, automated,
and autonomous outputs. It engineers new mindsets and new business models that
may alter the way different organizations operate, compete, collaborate, and/or cooperate. The present maritime world is underway proceeding at full speed meeting
our not too distant future and paving the way for disruption brought about by disruptive
technology technically known as the maritime autonomous surface ship (MASS).
What is MASS, what are the challenges entailed with MASS and how should a
strategy by coastal States respond to ensure secure, safe, and efficient MASS
operations on clean and protected coastal waters?
In the sphere of the maritime world, MASS will shape the future of shipping.
“Autonomous shipping, will revolutionise the landscape of ship design and operations”
(Makinen, 2016). Rolls Royce (2016) forecasted that MASS or fully autonomous
oceangoing cargo ships are expected to be routinely plying the world’s seas in 10 or
15 years time. According to Allianz Insurance Company (2012), the main drivers for
the development of MASS are safety, efficiency, and cost for ship operations.
Operations of MASS can significantly reduce risk of accidents and danger to the
vessel due to no need for crew onboard wherein seventy-five (75) to ninety-six (96)
percent of marine accidents and casualties were from human error (caused by fatigue)
(International Shipping News, 2017). In the absence of crew, the MASS may be less
attractive for pirates to be held hostage for ransom. Rolls Royce (2017) studied and
found that autonomous ships can be lighter and carry more cargo by eliminating crew
requirements such as: accommodation quarters/cabins, ventilation, heating, sewage
systems and others, operate and navigate more efficiently.
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Foldvary and Klein (2002) studied that advancement in technology requires
appropriate policy and eventually changing existing policy. The United Nations
Convention on the Laws of the Sea (UNCLOS) provides these powers and legal
framework for coastal States in dealing with domestic and international vessels
operating within coastal waters. Different legal barriers, challenges, and implications
for the development, testing, and future operations of MASS are now discussed in
different forums, symposiums and at the International Maritime Organization (IMO),
the specialized agency of the United Nations (UN) responsible for developing and
adopting measures to improve the security, safety of international shipping and
protection of the maritime environment by prevention of pollution from ships.

Analysis of legal and policy barriers for the future operations of MASS within coastal
waters should be supported by a strategy and its implementation. The strategy
developed includes courses of action by the coastal State to harmonize the
management of future operations of MASS within coastal waters to ensure secure,
safe, and efficient MASS operations on clean and protected coastal waters. A
strategic management process will provide framework and ensure efficient
implementation of the formulated strategy.

1.1. Problem Statement

There is no universal strategy to be implemented by the coastal States in the
management of future operations of Maritime Autonomous Surface Ship (MASS)
within coastal waters to ensure secure, safe, and efficient MASS operations on clean
and environmentally protected maritime waters.

1.2. Research Questions

The researcher has designed the following key research questions:
 What are the disruptive threats that MASS may bring in the future of shipping
particularly in safety of navigation and protection of coastal waters?
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 How can coastal States manage the future operations of MASS and contribute to
ensure secure, safe, and efficient MASS operations on clean and protected coastal
waters?
 What legal/policy mandates can coastal States potentially adopt to manage the
future MASS operations for safe, efficient, and sustainable MASS operations?
 What strategy is needed and how shall the strategy be implemented to manage
the future MASS operations to ensure to ensure secure, safe, and efficient MASS
operations on clean and protected coastal waters?

1.3. Significance of the Research
 The research will identify and develop a strategy and its implementation plan for
coastal states to manage the future operations of MASS and ensure secure, safe, and
efficient MASS operations on clean and protected coastal waters.
 To ensure readiness of coastal states to manage operations of MASS within
coastal waters through Private-Public-Partnership (PPP) model of co-operation to
promote security, safety, and efficient shipping operations of MASS on clean and
protected maritime waters;
 This research may serve as reference to IMO in adoption of a strategy for coastal
States for strategic management of operations of MASS within coastal waters;
 The research will identify the risks in operations of MASS in different maritime
zones specifically within coastal waters;
 The research will identify the impact of MASS technology to seafarers in the future
and further identify the role and future career alternatives of seafarers in the advent
of MASS;
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 The result of this research aims to stimulate the IMO member states (coastal
States), ship owners, ship operators, shipping companies, MASS technology
developers and other stakeholders’ awareness on the importance of co-operation and
partnership in future operations of MASS within coastal waters to ensure safe, secure
and efficient MASS operations on clean maritime waters;
 For additional motivation, it is referred to “There are a lot of challenges out there,
let’s find the technology to solve them” (Craig, 2017). However, technology should be
an enabler not a disabler for the development and protection of man and nature.

1.4. Structure of the Research

This research is divided into seven (6) chapters. Chapter 1 presents the introduction
to the research, problem statement, research questions, significance of the research,
structure of the research, definition of terms used in the research, and research
methodology. Chapter 2 presents the maritime industry analysis wherein the different
challenges in the maritime sector and roles and functions of different coastal States
and other authorities impact the maritime industry and further contribute for the
economic development of states. Chapter 3 is the economic feasibility that indicates
the cost and benefits of MASS operations and contribution to the economic growth of
the states and the contribution of the coastal States in the performance of its
mandates to ensure secure, safe, and efficient MASS operations on clean and
protected maritime waters. Chapter 4 is about the policy analysis that identifies the
constraints that affect the development and future operations of MASS. Chapter 5 is
the operational and organizational feasibility that determine the organizational and
operational requirements of the merger of coastal States and the MASS Operations
Center (MOC) while Chapter 6 is about the results from the questionnaires and
interviews conducted to the participants and Chapter 7 discusses the development
and implementation of the strategy for the management of the future operations of
MASS by the merger of coastal States and MOC.
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1.5. Definition of Terms:

This sub-chapter defines the terminologies used in this research.

Automation. The processes, often computerized, that implement a specific and
predefined method to execute certain operations without a human controlling it.

Automatic.

The system has automation functions that can complete certain

operations without human control

Automatic bridge. Automatic bridge, with crew always on the bridge

Automatic ship. Ship is supervised by SCC and executes automatic functions.

Autonomy. The system has control functions that can use different options to solve
selected classes of problems.

Autonomous ship. Ship with some form of autonomy.

Autonomy Assisted Bridge (AAB). Continuously manned bridge with autonomous
control functions.

Base Control Station (BCS). The set of equipment and control units that are needed
at the site or sites where safe and effective remote control and/or monitoring of the
MASS, or several MASS, is conducted

Classification Societies. Provide classification and statutory services and
assistance to the maritime industry and regulatory bodies as regards maritime safety
and pollution prevention, based on the accumulation of maritime knowledge and
technology
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Coastal State. State other than a Flag State and a Port State with an interest in
preventing accidents and pollution which could affect the territory and the coastal
area, and in taking measures in case of a pollution incident.

Constrained autonomous. Autonomous control system with defined limits to its
freedom of choice.

Constrained autonomous ship.

Unmanned ship with constrained autonomous

control functions.

Continuously Unmanned Ship (CUS). Crew never on ship, except possibly during
emergency recovery.

Decision support. Systems provides decision support information to crew, but has
limited automation.

Direct control. No autonomy, possibly decision support and simple automation.

Disruption. Innovation that creates a new market and value network and eventually
disrupts an existing market and value network, displacing established market-leading
firms, products, and alliances.

Disruptive technologies. One that displaces an established technology and shakes
up the industry or a ground-breaking product that creates a completely new industry

DNT Fallback. Predefined emergency procedure when ODD is exceeded.

Dynamic Navigation Task (DNT). Set of tactical operations supported to operate in
ODD.

Emergency Control Team (ECT). Used for PUS or CUS during unexpected
emergencies.
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Fag State. A State other than a coastal State and Port State that effectively exercise
its jurisdiction and control in administrative, technical and social matters over ships
flying its flag.

Fully autonomous. Autonomous control with full flexibility and no constraints.

Fully autonomous ship. Unmanned ship with fully autonomous control functions.

Innocent passage. Navigation through the territorial sea for the purpose of traversing
that sea without entering internal waters, including calling at a roadstead or port facility
outside internal waters; or of proceeding to or from internal waters or a call at such
roadstead facility. Passage, though it must be “continuous and expeditious,” includes
stopping and anchoring so far as they are incidental to ordinary navigation or are
rendered necessary by force majeure or by distress, or for the purpose of rendering
assistance to persons, ships or aircraft in danger or distress.

Local Monitoring Services (LMS). Optional local services for autonomous and other
ships.

Maritime Autonomous Surface Ship (MASS). Common terminology for any
autonomous ship.

Maritime Operations Center. See Shore Control Center (SCC)

Member States. State that is a member of an international organization.

Merger. An agreement that unites two existing companies into one new company.

On-board Control Team (OCT). Used for PUS.
Operating Design Domain (ODD). Definition of system’s operational area and
constraints.
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Periodically Unmanned Bridge (PUB). Ship is unmanned, e.g. during night in calm
weather.

Periodically Unmanned Ship (PUS). Ship unmanned, but crew can enter ship for
demanding operations.

Port State. A state other than a coastal State and a Flag State that when a vessel is
voluntarily within a port or at an off-shore terminal of a State, the Port State may
undertake investigations and, where the evidence so warrants, institute proceedings
in respect of any discharge from that vessel outside the internal waters, territorial sea
or exclusive economic zone of that state in violation of applicable international rules
and standards established through the competent international organization or
general diplomatic conference.

Remote control. Ship is remotely controlled from SCC.

Remote Manoeuvring Support System. That ensures an appropriate situation
awareness in direct control despite of the physical distance of crew and vessel.

Ship. Merchant vessel with own propulsion.

Shore Control Centre (SCC). Monitoring station that continuously monitors and
controls the autonomously operated vessel after it is being released by the onboard
crew of skilled nautical officers and engineers.

Shore Control Centre Engineer. Who assists the operator in case of technical
questions and who is in charge of the maintenance plan for the vessels based on a
condition-based maintenance system ensuring sufficient reliability of the technical
system for the next voyages.

Shore Control Centre Operator.

A human operator who monitors the safe

operations of one or several autonomous ships simultaneously from a cubicle station
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and controls the vessels by giving high level commands, e.g., updating the voyage
plan or the operational envelope of the autonomous system.

Shore Control Centre Situation Room Team. A group of operators that can take
over direct remote control of a vessel in certain situations via a shore side replica of
the unmanned vessel‘s bridge including a Remote Manoeuvring Support System that
ensures an appropriate situation awareness in direct control despite of the physical
distance of crew and vessel.

Shore Sensor System (SSS). Optional shore sensor systems for autonomous and
other ships.

Unmanned. Without crew controlling the ship, but ship may not be autonomous, i.e.
can be remotely controlled.

Vessel Traffic System (VTS). A service implemented by a competent authority,
designed to improve the safety and efficiency of vessel traffic and to protect the
environment

1.6. Research Methodology
The researcher utilized the research model “Research Onion by Saunders
(Saunder’s, Lewis &Thornhill, 2012). The model describes the steps in the research
methodology by layers to ease understanding of the methodology of the research.
Figure 1 shows a generic research onion model:
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Figure 1: Research Onion. Source: Saunder’s, Lewis & Thornhill, 2007

1.6.1. Research Philosophy

The researcher has used the pragmatism approach for this research as the main
objective of this research was to research and formulate an appropriate universal
strategy by coastal States for the management of future operations of MASS.
Pragmatism research philosophy accepts concepts to be relevant only if they support
action. Pragmatics “recognise that there are many different ways of interpreting the
world and undertaking research, that no single point of view can ever give the entire
picture and that there may be multiple realities” (Saunder’s, Lewis &Thornhill, 2012).

1.6.2. Research Approach

The qualitative research method will be used for this research which includes
exploring the wider maritime stakeholders’ and other relevant industries’ perspectives
enriched by insights via distribution of questionnaires and interviews. Interviews have
been made with stakeholders (IMO, coastal States, Flag States, Maritime
Administrations, Seafarers, MASS technology developers/designers, Academic

10

sector, and Shipping sector). Qualitative data from survey questionnaires and
interviews, will be analyzed using thematic analysis to mold the data.

1.6.3. Research Design

The way the researcher developed the research design for this research was basically
affected by the research questions. The researcher used the combination of the
explanatory research design to respond to the HOWs and WHYs of the research
questions wherein it affects what information is collected and the Action Research
Design. The essentials of action research design follow a characteristic where an
understanding of a problem is developed and plans are made for some form of
interventionary strategy (USC, 2018).

1.6.4. Research Strategy

Research strategy is also the very foundation or basic blueprint of a research upon
which the whole research process and design is based (Pickard, 2012). The
researcher used a progression process of this research. The researcher identified
urgent problem/issue about the future operations of MASS that is deemed worthy for
research. Research and analysis strategy was used to study and analyse previous
research related literatures and MASS research and projects for study of
organizations involved in MASS. From the research and analysis, the researcher
formulated a strategy of management by coastal State for the future operations of
MASS and further develop a plan for the implementation of the strategy.
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IDENTIFICATION OF
ISSUE
• IN THE ADVENT
OF MASS, NO
STRATEGY BY
COASTAL STATES
FOR SECURE,
SAFE AND
EFFCIENT MASS
OPERATIONS
WITHIN COASTAL
WATERS

RESEARCH AND
ANALYSE
• FIND:
- REVIEW
RELATED
LITERATURES
- MASS RESEARCH
PROJECTS
- DATA FROM
INTERVIEW AND
QUESTIONNAIRES

STRATEGY
FORMULATION
• DEVELOP
STRATEGY BY
COASTAL STATES
FOR
MANAGEMENT
OF FUTURE
OPERATIONS OF
MASS WITHIN
COASTAL WATERS

Figure 2: Research Strategy of Topic. Source: Author created the figure, 2018

1.6.5. Data Collection Method

There are two types of data that can be collected for any research, primary data
collection and secondary data collection (Maxwell, 2012, p.327). Primary data
collections are from sources that were directly collected such as personal interviews,
group interviews, questionnaires, and surveys. Secondary data are information that
is already available from different open sources such as internet, articles, industry
analysis, statistic reports, annual reports, research journals, corporate or
governmental archives.
For this research, data were obtained from literatures pertaining to MASS and other
disruptive technologies, MASS research projects, IMO publications, legal references
and related topics from different books, and maritime industry publications. Other data
were collected from open sources such as libraries and through the internet. Data
were subjected to qualitative analysis and statistical analysis of data collected through
statistical data.
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1.6.6. Research Instruments

For this research study, the researcher gathered qualitative and statistical information
and utilized different research instruments for each. For qualitative data the
researcher conducted interviews and provided questionnaires online to selected
respondents related to the research which comprised of twenty (20) demographic and
eighteen (18) open ended questions. For the quantitative data, the researcher
provided eighteen (18) close ended questions answerable by “Yes“ or “No” for
statistical analysis to achieve the aims and objectives of the research study.

1.6.7. Sampling Method

For this research study, there were two different types of sample. The researcher
used convenience sampling method for getting the interview responses from different
company/organisation representatives that were most conveniently available to the
researcher. The snow ball sampling method was used to reach out to different
professionals and further seek assistance from the member of the sample size for the
next potential member of the sample size. Furthermore, the researcher also used the
stratified random method. The researcher divided the population into different
segments such as coastal States, maritime administration, shipping management,
and seafarers to bring diverse perspectives of inputs for the research.

1.6.8. Data Analysis Technique

For this research, Qualitative data gathered through interviews and questionnaires,
will be analyzed using thematic analysis to mold the data and statistical data collected
through questionnaires and from primary and secondary sources would be analyzed
using statistical analysis.

1.6.9. Scope and Limits of the Research

Time limit made pressure to the researcher that limited the scope of the research.
There was scarcity of materials (books and other materials about MASS) available at

13

the University, the author relied much on the internet. Issue experienced with the
participant on their willingness to provide relevant information. Some tend to doubt
giving info due to nature of their work especially those working on competing
companies developing MASS. These contributed to the low response from the
participants that greatly affected coming up with the conclusion.

The research is focused on the strategy formulation and implementation plan for
management by coastal states of autonomous ships operating within coastal waters
in the assumption that MASS will be operational in the near future. The research
covers Scandinavian countries and Germany for industry analysis for comparison
purposes.

The respondents of the research are experts and key players related to MASS both
from the domestic and international shipping, developer of MASS, IMO leaders,
coastal States authorities, transport leaders in the maritime industry, classification
societies, insurance companies, seafarers, and experts from the academe. Interview
and survey questionnaires were prepared and distributed to the respondents from
different nationalities actively participating in the discussion, development of MASS
and policy makers for MASS. Competent opinions were solicited from appropriate and
selected respondents.

The participants were segmented (coastal States, maritime administration, ship
management, seafarers) to collect data from different perspectives. Diversity is shown
based on the respondents nationality and positions to further indicate the importance
and urgency of this research.
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Figure 1: Coastal State Interviewee (Nationality)

Figure 2: Coastal State Interviewee (Rank / Position)

Source: Researcher created the figure

Figure 3: Coastal State Interviewee (Country and Position). Source: Author
created the figure, 2018

Figure 4: Maritime Administration Interviewee (Country and Position).
Source: Author created the figure, 2018

15

Figure 5: Ship Management Interviewee (Country and Position).
Source: Author created the figure, 2018

Figure 6: Experienced Seafarer Interviewee (Country and Position)
Source: Author created the figure, 2018
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Chapter 2. MARITIME INDUSTRY ANALYSIS

The maritime industry, made up
of different sub industries that
include crewing and manning
industry,

the

training

and

education of seafarers, the port
and liner operations, break-bulk
and

affiliated

shipbuilding,

services,
shipyards

the
and

engineering, and the maritime
tourism

(Richter,

2016).

By

volume, 90% of global trade is
made

through

the

maritime

industry via sea trade (Monalisa
2.0,

2018).

In

2016,

world Figure 7: Maritime Industry. Source: AAWA
seaborne trade expanded by 2.6
percent in line with developments in the world economy. UNCTAD forecasts an
increase in world seaborne trade volumes between 2017 and 2022 across all
segments with containerized trade and major dry bulk commodities trade recording
the fastest growth (UNCTAD, 2017). Growth of the maritime industry is mainly driven
by increase in demand and ship capacity, improved infrastructure, current market
situation, and technology advancement (digitalization and autonomous ship).
Stopford (2016) presented that for 100 years the ships improved by evolution but the
system did not. The liner and tramp service continued unchanged. A revolution of
innovations is needed respond to the changing demands and mindsets. From 1966
to 2016, the shipping market cycle (as driver of change) indicate that average
earnings of tankers, bulkers, containerships and gas dropped 25% in the 25 year trend
(Stopford, 2016); For the Regional Trade Transformation, Stopford (2016) presented
that the Organization for Economic Co-operation and Development (OECD) trade
share were shrinking & owners moving offshore wherein the maritime world was
dominated by the OECD in 1966, however in 2016, the OECD declined at 1% a year
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despite of growing sea trade. Technology is advancing at exponential speed and
along this advancement are challenges of the potential disruption of present systems
and operations that these autonomous and disruptive technologies will bring and
impact the maritime industry.

This chapter will convey the different challenges of the future operations of MASS and
how roles and functions of different coastal States in the performance of their
respective roles and responsibilities impact the maritime industry.

2.1. Trends and Challenges
2.1.1 Lloyd’s Register Group, QinetiQ, University of Southampton, 2017

2.1.1.1. Technology
 Artificial Intelligence are series of closely knotted technologies which will
transform maritime operations and underpin autonomous systems;
 Sensors and situational awareness are technologies creating the required
levels of situational awareness for safe operation of autonomous systems;
 Connectivity are developments in ICT which will provide a catalyst for the
future by enabling the digitisation of the marine environment;
 Cyber security technologies looking at risks and mitigations for the
protection of systems in ‘cyberspace’.
 Energy management and sustainability is seen as a limiting factor in the
development and widespread deployment of autonomous systems.
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2.1.1.2. Regulation and Legal Challenges
 Regulation of emergent technology. Rapid developments without the indepth understating of regulations and the legal aspects are being driven
outside of highly regulated sectors such as the maritime.
 Legal perspective. Regulations flesh obligation and provide standards that
need to be discharged concerning the construction and operation of systems.
Regulations further decide who will be liable under criminal and
administrative liability and who, when, and how much will have to be paid to
compensate the victims of accidents.
 Product liability. Increase of product liability (i.e. the liability a producer
has for damages caused by the product) creates a further problem. Product
liability is not harmonised between states and it can make significant
difference if the industry assumes strict voluntary, rather than fault-based,
liability.
 Insurance., an insurance coupled with strict liability arrangement provides
the best arrangement for potential claimants, and the best defence for the
autonomous industry, provided it is seen to have in place the required
financial tools for its operation.

2.2. Coastal States

2.2.1

Republic of the Philippines

2.2.1.1. Philippine Coast Guard

The Philippine Coast Guard (PCG) mandated by law (RA 9993) is the 4th uniformed
armed service in the Philippines that implements and enforces all national and
international maritime safety, security, search and rescue, and marine environmental
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protection laws in support of the integrated maritime transportation Network
objectives, national security and economic development of the Philippines.
Table 1 indicates that the reported incidents/accidents from 2011 to 2013 were
increasing from 3.37% to 16.53% respectively and significantly dropped on 2014 by
27.95%. However, from 2015 to 2016, the reported maritime incident/accidents were
increasing

at

23.65%

and

24.05%

respectively.

The

reported

maritime

accident/incidents by grounding, collision, and other incidents onboard ships after
investigation were caused by human error, ageing ships, insufficient aids to navigation
(ATON) that should have guided navigators during ship passage, and lack of
management of the bridge resource, monitoring and awareness of the ship’s position,
situation, communication both from the ship and shore, and non- compliance to the
regulations to prevention collisions at sea or more known as COLREG (BSU, 2012).

Table 1: Number of Maritime Accident/Incident Reported and Acted Upon

Source: PCG

The Search and Rescue (SAR) operations, number of persons rescued, persons
missing and casualties/bodies recorded shows an increasing trend from CY 2011 to
CY 2016 wherein the numbers in CY 2016 indicate the highest in percentage of
increase.

For SAR operations, the PCG were able to acquire ten (10) 44 meter search and
rescue (SAR) vessels from Japan to increase its capacity in conducting SAR
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operations, rescuing more people in distress, and retrieving bodies at sea who were
victims of different perils at sea, the completion of delivery of the vessels is in 2018.

2.2.1.2. Maritime Industry Authority

The revenue performance by MARINA (Table 2) shows a positive output from 2013
to 2016. The revenues were from different income generating functions of MARINA,
indicating an increasing trend and almost doubled within 2 years at 2016 with
1,139,629 benchmarking from 2013 with 571,643. The number shows an average
growth rate in revenue of about 13.5%. However, in 2017, the revenue collection
dropped to 20.9%. The decrease in the revenue could have been influenced by the
different dramatic reforms being implemented by then new assumed Administrator of
MARINA.

Table 2: Revenue Performance Report - MARINA
(in thousand pesos)
PARTICULARS

FY 2013

FY 2014

FY 2015

FY 2016

FY 2017

Operating and Service
Income :
Permits and Licenses
Franchising &

21,739

24,312

30,147

40,808

30,798

60,465

10,510

54,082

81,083

121,204

82,650

54,344

57,821

73,270

63,409

11,060

11,283

15,198

30,616

35,939

38,233

211,102

412,280

441,503

166,721

46,219

50,429

56,227

64,990

66,849

Licensing Fees
Other Permit
Fees
Registration
Fees
Fines and
Penalties
Service Income
Clearance and

-

Certification
Fees
Inspection
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Fees
Processing

189,676

165,165

182,053

181,973

196,526

62,332

73,252

116,769

164,504

151,790

249

266

282

-

-

46,753

55,709

59,151

60,882

67,885

571,643

713,657

983,728

1,139,629

901,121

Fees
Other Service
Income

Other Income
Miscellaneous

Tonnage Fee

TOTAL

Source: MARINA - Accounting Division

2.2.1.3. Philippine Port Authority

The Philippine Port Authority (PPA) was created by virtue of Presidential Decree No.
505 and was amended by P.D. No. 857 in December 1975 is mandated to establish,
develop, regulate, manage and operate a rationalized national port system in support
of trade and national development with vision that "By 2020, PPA shall have provided
port services of global standards” (PPA, 2018).
Table 3: Revenue and Remittances of Agencies Under DOTr in FY 2016.

Source: DOTr

Table 3 indicates that the government agencies of the maritime sector in the
Philippines contribute (MARINA, PCG, and OTS) a total amount of Php
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1,963,759,517.87 (7.61%) of the total revenue collection of DOTr amounting to
25,781,634,122.48 for CY 2016. The revenue collections of the DOTr will be further
forwarded to the National Treasury in support for the economic development and
social development of the country through better services from the government,
improvement, and build-up of needed installations and infrastructures that are
required by the country to further achieve progress.

2.2.2. Norway

2.2.2.1. The Norwegian National Coastal Administration

The Norwegian Coastal Administration (NCA) as an agency of the Norwegian Ministry
of Transport and Communications is responsible for services related to maritime
safety, maritime infrastructure, emergency response to acute pollution, and transport
planning and efficiency (NCA, 2014).

The NCA is both user financed and financed over the state budget. The NCA is partly
financed by ships that sail to Norwegian ports or in Norwegian waters. The Norwegian
Coastal Administration's fees include safety fee and pilotage fees (NCA, 2014).

The Pilotage Act regulates the pilot service. REG 1994-12-23 no. 1129: Regulations
relating to the duty to use a pilot in Norwegian waters list the ships and sailings that
are subject to compulsory pilotage. REG 1994-12-23 no. 1128: Regulations relating
to the pilotage readiness fee, pilotage service fee and pilot exemption certificate fee
(pilotage fees) authorize pilotage fees. Act no. 19 of 17 April 2009 relating to ports
and fairways (Section 24) authorized the safety fee. Hereunder are the details of the
safety fee:
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Table 4: Tabulated Safety Fee
VTS centre

Vessels subject to fees (2018)

Horten (Oslo Vessels with a maximum length
Fjord)

Basis of

Fee per call to

Annual

calculation

port

fee

GT

NOK 0.45

NOK

of 70 metres or more in the traffic

NOK 0.11 for

22,50

control centre's area of operation,

additional calls in

see Section 1 of the Regulations.

the VTS area

Certain vessels and sailings are
exempt, see section 5 of the
Regulations.
Brevik

Gas tankers that load or unload

(Grenland)

north of a straight line through the

Cubic metres NOK 5,50

Not
possible

northernmost point at Mølen and
the northernmost point at
Såsteinen, see section 4,
subsection 2 .
Kvitsøy

Vessels with a maximum length

GT

(Rogaland):

of 70 metres or more in the traffic

0.05 for additional 0

Rogaland in

control centre's area of operation,

calls in the VTS

general

see section 4, subsection 1 of the

area)

Kårstø

Regulations. Certain vessels and

GT

NOK 0.20 (NOK

NOK 1.08(NOK

NOK 10.0

NOK 54.0

sailings are exempt, see section 5

0.27 for additional 0

of the Regulations

calls in the VTS
area)

Fedje (Sture

Vessels that carry hazardous or

og

pollutive cargo and call at Statoil's

Mongstad)

port terminals at Sture and

GT

NOK 0.91

Not
possible

Mongstad, see section 4,
subsection 3.
Source: NCA

2.2.3. Sweden

2.2.3.1. Swedish Maritime Administration
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SMA is a governmental agency and enterprise responsible for maritime safety and
availability. SMA focus on merchant shipping, and also pleasure boating and fishing.
(SMA, 2018). The services include:
 Pilotage
 Fairway Service
 Maritime Traffic Information
 Icebreaking
 Hydrography
 Maritime and Aeronautical Search and Rescue
 Seamen's Service

The main financial objective of SMA as a business oriented governmental agency is
to cover its costs in full. Operations are funded by merchant shipping on tariffs and
dues. The SMA’s most significant dues are fairway dues and pilotage dues. SMA also
sets fees and dues for other products and services rendered. The most financially
significant to the Administration are revenues from sales of navigational charts and
publications (SMA, 2018).

2.2.3.2. Swedish Coast Guard

Swedish Coast Guard works for a sustainable marine environment and the
improvement of safety at sea. Swedish Coast Guard operate along the entire coastline
of Sweden, where it rescue, assist and monitor - around the clock, all year round with
the help of aircraft, large and small vessels and also directly from the mainland. Today
the Coast Guard is an authority that supervises, rescues and assists at sea and has
a close cooperation with several agencies including the Police and Customs.
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Table 5: Calculation of vessel-based fairway fees per environmental class

Source: Swedish Maritime Administration regulations on fairway dues

Table 6: Pilotage fees are calculated on the basis of net tonnage

Source: SMA Code of Statute
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Chapter 3. ECONOMIC FEASIBILITY

This chapter aims to determine the viability and economic factors which can influence
the management by coastal States and MASS operators from shore for the future
operations of MASS within the jurisdiction of the coastal States. The economic
feasibility of this research further determines the cost and benefits in the performance
of functions of coastal States to ensure secure, safe, and clean maritime environment
to contribute for the economic development of the State. These relevant contributions
to the maritime industry are represented in terms of tax, service fees, income
generated from the revenues collected and different accomplishments in the
performance of mandated functions of coastal State authorities.

Discussions about remote and autonomous shipping have identified direct costreducing benefits and other indirect benefits. Direct benefits are: more efficient space
in ship design, more efficient use of fuel, and more efficient use of crew and their
skills. Company and network levels in the shipping sector gain indirect benefits.
Optimization of operations and processes are enhanced by remote and autonomous
shipping and enables economies of scale at different levels and reduce human errors
that may result in maritime incidents (AAWA, 2016).

3.1 Literature Review

3.1.1. Remote and Autonomous Ships, the Next Steps, (AAWA, 2016)

The AAWA Initiative aims to produce the specification and preliminary designs for the
next generation of advanced ship solutions. AAWA project is funded by Tekes
(Finnish Funding Agency for Technology and Innovation) with allocated budget
amounting to six million and six hundred thousand (€6.6 million) euro (AAWA, 2016).
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3.1.1.1. From Innovations to Markets –Redefining Shipping

Autonomous technologies which enhance self-guiding capabilities of technical
systems have received a considerable amount of attention in various different
industries. The marine sector is now following suit (AAWA, 2016).
3.1.1.2. Autonomous shipping –an issue of business relationships and networks

Autonomous shipping is an issue of managing networks and the emergence of
ecosystems (Håkansson & Snehota, 1995; Håkansson, Ford, Gadde, Snehota, &
Waluszewski, 2009). The One Sea ecosystem, founded in 2016, represents
exceptionally advanced co-creation by global industry leaders that work to reach a
joint goal of autonomous traffic. The possibilities that autonomy and digitalisation bring
to the maritime environment will shape traditional marine traffic to the next level where
decision-making is based on data, smart algorithms, artificial intelligence and ultimate
optimisation (One Sea, 2017).

Figure 8: Transition Roadmap to Autonomous Shipping. Source: AAWA
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Changes in the maritime sector is driven by labour and its costs. Shortage of skilled
people poised autonomous technology to reshape the maritime sector with crewless
vessels (Lloyd’s Register Group, 2017). Figure 8 shows the transition roadmap of
autonomous shipping. Society covers the relevant industry players and the authorities
and the general public that shape boundaries formed through knowledge from existing
technical performance both in maritime and other sectors. The third stage gives more
attention to management of traffic in an autonomous era. Cyber and shore-based
communications should gradually enlarged to support the autonomous operations
(AAWA, 2016).

AAWA (2016) concluded that the realisation of an autonomous ship requires a
plethora of integrated technologies, which means that co-operation is required
between key actors in different technological areas.

3.1.2. Quantitative assessment (MUNIN, 2012)

The MUNIN research project has developed a technical concept for the operation of
an unmanned merchant ship and assessed its technical, economic and legal
feasibility.

3.1.2.1. Operating cost
 New shore/port services. The autonomous ship as developed in the
MUNIN project is associated with a new cost factor: as crew is shifted from
ship to shore additional costs for land based services have to be considered.
In the shore control center this includes personnel cost and equipment, rent,
etc.
 Personnel cost for the shore control center. The organizational layout
of the shore control center includes 5 situation rooms and 45 work stations.
The shore control center has one department for a 24/7 monitoring of the
autonomous ship and another for planning and support activities following a
one shift operation (see Table 12). For each position in the shore control
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center an equivalent in the ITF wage scale was chosen. Net wages are
increased by an assumed employer contribution of 35% for social benefits
and administration. Overall personal cost of the shore control center amounts
to mUSD 10.4 per year and USD 116.000 per vessel per year (MUNIN,
2016).
 Investment and operating costs for the shore control center. Onetime cost for equipment (e.g. situations rooms, software, hardware, office
equipment) and annual costs in terms of rent of office space and operational
costs (e.g. power supply, software, training costs) are considered.
Altogether, investment cost adds up to mUSD 2.1 - with a replacement time
of equipment between 3 and 13 years - and operating costs per year amount
to USD 873,957. Per vessel monitored the value is reduced accordingly.

Table 7: Employment plan for the shore control center

Source: MUNIN
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Table 8: Overview of investment and operating costs for the SCC

Source: MUNIN
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Table 9: Parameters for calculation of investment and operating costs for SCC

Source: MUNIN, 2015

3.2. Coastal States

3.2.1. Republic of the Philippines

32

The Philippines runs on a deficit. Deficit spending is not bad if it is sustainable,
stimulates the economy, and increases productivity. Borrowed funds should be
invested in programs that improve the welfare of the people such as education, health,
and social services and Infrastructure projects that can attract foreign investments
and create jobs (DBM, 2017).

Figure 9: Fiscal Program. Source: Department of Budget and Management

As indicated in Table 15, the Department of Transportation budget for the agencies
in the maritime sector (PCG, MARINA, OTS) for 2017 amounted to Php 1.48 Billion
or 2.77% of the Php 53,346,526,000 total budget of the Department for 2017 while
Table 16 indicates the revenue collection for 2017 was amounting to Php 229,971,
824.82. Furthermore, Table 17 illustrates that the Maritime Sector was able to perform
better in 2017 by reducing maritime-related transport incidents to 5% from 544 for
2016 to 517 for 2017. The support received from the national government by the
Department such as procurement of additional surface/floating assets to cover a wider
sea area within the jurisdiction of the country was instrumental for continuous maritime
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patrol to ensure secure, safe, and clean maritime waters and further respond to any
call for assistance twenty-four (24) hours a day and seven (7) days a week.

Establishment and development of different infrastructures and monitoring systems
such as the Vessel Traffic Management System (VTMS) throughout strategic
locations of the Philippines brought big contributions to ensure safety of navigation
and prevent any maritime incident that may lead to environmental damage cause by
marine pollution.

Table 10: DOTr Budget, 2017

Source: DOTr, 2018
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Figure 10: Locations of VTS in the Philippines. Source: PPA

The Philippine economy grew by 6.0
percent in the second quarter of 2018.

Figure 11: Philippine Gross Domestic Product (GDP)
2016-2017

Manufacturing, trade, and construction
were the main drivers of growth for the
quarter. Among the major economic
sectors, services recorded the fastest
growth at 6.6 percent. Industry followed
with a growth of 6.3 percent, and
agriculture with a growth of 0.2 percent.
Net Primary Income (NPI) posted a
growth of 4.7 percent resulting in the 5.8
percent growth of Gross National

Source: Philippine Statistics Authority

(PSA)

Income (GNI). Both NPI and GNI recorded a growth of 6.6 percent in the same quarter
of the previous year (PSA, 2018).
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3.2.2. Norway

The Norwegian economy is now characterized by optimism and solid growth after
recovery from the downturn induced by the 2014 drop in the oil price. The approved
2018 budget is still well adapted to the economic situation with its key features remain
in the revised budget (Statistics Norway, 2018). This paved way to restructuring and
development such as different Vessel Traffic Services (VTS) in Norway.

"The positive development in the Norwegian economy confirms the merits
of its economic policy agenda. When the oil price drop hit the economy,
the country used the fiscal budget to curb unemployment and to promote
restructuring and new growth. The revised budget paves way for a
continued positive development" (Jensen, 2018).

Figure 11: Location of VTS in Norway. Source: NCA
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Table 11: Selected key figures in the Revised National Budget 2018

Sources: Statistics Norway, Norwegian Labour and Welfare Administration, Norges Bank, Reuters,
Macrobond, ICE and Ministry of Finance

3.2.3. Sweden
Statistics Sweden (2018) indicates that Sweden’s GDP increased by 1.0 percent in
the second quarter of 2018, seasonally adjusted and compared to the first quarter of
2018. GDP increased by 3.3 percent, working-day adjusted and compared to the
second quarter of 2017.

Household consumption expenditures rose by 0.9 percent and general government
consumption expenditures increased by 0.2 percent seasonally adjusted and
compared to the previous quarter. Changes in inventories contributed to GDP by 0.3
percentage points the second quarter. Gross fixed capital formation decreased by 0.2
percent. Exports increased by 0.5 percent while imports decreased by 0.1 percent.
Market production of goods and services increased by 1.2 percent, seasonally
adjusted. Production of goods rose by 0.7 percent and service-producing industries
rose by 1.5 percent. Employment measured as the total number of hours worked
increased by 1.0 percent seasonally adjusted and the total number of persons
employed increased by 0.3 percent seasonally adjusted (Statistics Sweden, 2018).
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Table 12: Gross domestic product (GDP), real gross domestic income (GDI) and real
gross national income (GNI)
Data up to and including 2017
Volume inde x 1993=100
Ye ar

GDP cons tant pr ice s

Re al GDI

Re al GNI

1993

100.0
104.1
108.3
109.9
113.1
117.9
123.2
129.1
131.1
133.8
137.0
142.9
146.9
153.8
159.1
158.2
150.0
159.0
163.2
162.7
164.7
169.0
176.7
182.4
186.6

100.0
104.3
109.5
110.5
113.3
117.9
121.8
126.7
128.0
129.6
132.4
137.3
140.3
146.8
152.7
151.7
144.3
152.4
155.7
155.2
157.0
161.2
169.1
174.6
178.2

100.0
105.7
111.3
112.7
115.6
120.3
124.8
130.6
130.7
133.2
137.1
137.9
143.9
148.9
159.0
156.0
147.6
156.7
161.5
159.5
161.7
165.0
171.0
176.2
178.7

1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017

Source: Source: Statistics Sweden, National Accounts

Figure 12: Gross domestic product (GDP), real domestic income (GDI) and real gross
national income (GNI), year. Source: Statistics Sweden, National Accounts
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Figure 12 indicates the distribution of the gross
domestic product (GDP) across economic sectors
in Sweden from 2007 to 2017. In 2017, agriculture
contributed around 1.1 percent to the GDP of
Sweden, 22.14 percent came from the industry and
65.18 percent from the service
sector which includes the maritime
transport industry (Statista, 2018).
Figure 4 illustrates the strategic
locations

of

Vessel

Traffic

Management System in Sweden.
Figure 13 VTMS
Sjofartsverke

in

Sweden.

Source:

3.2.4. Germany
Germany’s maritime industry (BMVI, 2018):
The global economy and global sea trade is closely connected to Germany’s maritime
industry and in effect, makes the maritime industry vulnerable to global economic
changes and fluctuations. However, the strong and internationally competitive
maritime sector drives Germany’s competitiveness as a business location and helps
safeguard growth and employment (BMVI, 2018).
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Figure 14: German Inland VTS Centers. Source: Federal Waterways and Shipping
Administration, Germany

Shipyards/Shipbuilding

German shipyards in 2015 generated more than five (€5.1) billion euro in turnover,
which had not been reached since 2012/2013. Structural changes by shipbuilding
companies were made to adapt in a difficult and changing market (BMVI, 2018).

Shipbuilding and offshore supply industry
Germany’s shipbuilding and offshore wind energy supply industry is characterized by
small and medium-sized enterprises. It generates €11.7 billion in turnover (BMVI,
2018).

Merchant fleet

In 2015, German merchant vessels decreased, falling by two hundred ninety-nine
(299). At the end of 2015, Germany had 3,015 merchant vessels representing a
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market share of 7.9 percent which means Germany has the fourth (4th) largest
merchant fleet. When it comes to container vessel capacity, Germany is an
international leader, holding twenty-nine (29%) percent of the market share (BMVI,
2018).

Germany depends heavily on its seaports, about three hundred thousand (300,000)
jobs depend directly or indirectly on the German seaports. In 2015, the volume of
goods handled in seaports decreased slightly by 0.1 per cent, reaching 296.2 million
tonnes (BMVI, 2018).

Marine engineering

A fast growing sector within the maritime industry is marine engineering. It includes
offshore technology for extracting oil and gas, offshore wind energy, underwater
technology, environmental and safety technology, aquaculture and mariculture and
mining the seabed for mineral resources. (BMVI, 2018).

Figure 15: Detailed gross domestic product. Source: Destatis

The Federal Statistical Office (Destatis) reported that the German economy continues
to grow. As of 14 August 2018, the gross domestic product (GDP) increased by 0.5%
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in the second quarter of 2018 compared with the previous quarter. In the first quarter
of 2018, GDP growth had been slightly smaller (0.4%) (Destatis, 2018).

Table 13: Gross domestic product, price-adjusted, chain-linked
(figures adjusted for seasonal and calendar effects using Census X-12ARIMA) Changes on a quarter earlier (in percent):

Source: Destatis

Gross domestic product, 2nd quarter of 2018 (Destatis, 2018)
Table 14: Goods transport on sea by main traffic relations1
1,000 tonnes

Year

2017
2016
2015
2014
2013
2012
2011
2010
2009
2008

Total

294,869
291,987
291,823
300,120
293,999
295,103
292,788
272,868
259,445
369,645

National
transport

International
transport
total

International
transport
loaded

International
transport
unloaded

3,958

290,911

115,526

175,386

4,174
3,759
3,625
3,390
3,567
3,223
3,161
3,444
4,827

287,814
288,064
296,496
290,610
291,536
289,564
269,708
256,001
364,818

116,823
118,263
121,515
119,191
115,977
112,480
102,922
100,181
148,228

170,991
169,800
174,981
171,419
175,559
177,085
166,786
155,820
216,591

Source: Destatis

In 2017, the volume of seaborne goods loaded and unloaded increased by 1.1%
compared with a year earlier. The Federal Statistical Office (Destatis) reports that a
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total of 299.5 million tonnes of goods were handled in German sea ports that year. In
2016, the relevant volume of freight was 296.3 million tonnes (Stratmann, A., 2018).

Figure 16: Container transhipment in
maritime transport. Source: Destatis

Figure 17: Goods and passenger
transport. Source: Destatis

3.3. Summary

There is significant support needed by coastal States for MASS operations in the
future. MASS will boost economic development made possible by the future design
of MASS wherein cargo carrying capacity of MASS will significantly increase, thus
creating more cargoes to transport compared to conventional and existing ships which
will be displaced by MASS once it becomes operational and sustainable in the future.
MASS market share will still be an issue, depending on the transition period that
MASS will be in operations, its deployment and investment from different shipping
sectors. Per statistics, shipping indicates a steady trend but on existing ships and
technology and not yet for MASS. Furthermore, coastal States will continue to perform
their different mandated functions to ensure, safe, secure, and clean maritime waters
within their respective jurisdictions. Every member States will provide the necessary
support for the coastal State for the efficiency and effectiveness of performance of
different authorities of the coastal states such as capacity build-up through training,
technology innovation, and collaboration, partnership and integration with other stake
holders.
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Investment cost for the establishment of a shore control center (SCC) and its manning
requirements amounted to USD 2.1 million with a replacement time of equipment
between 3 and 13 years and operating costs per year amounting to USD 873,957.
The value of investment is reduced accordingly per vessel monitored. The benefits in
the investment will have greater impact in terms of ensuring security, safety and
efficient MASS operations on clean and protected maritime waters compared to the
cost of the investment by a coastal State and MASS operators in a SCC. The
Philippines with budget support for the maritime sector amounting Php 1.48 billion
made better results in 2017 by reducing maritime-related transport incidents to 5%
from 544 in 2016 to 517 for 2017. In 2017, 65.18% of Sweden’s GDP came from the
service sector which includes the maritime transport industry (Statista, 2018). This
manifestation was made possible from the continuous support from the government
of Sweden and the private sector which are the end-user of different services. As of
14 August 2018, German economy continues to grow as the gross domestic product
(GDP) increased by 0.5% in the second quarter of 2018 compared with the previous
quarter. In the first quarter of 2018, GDP growth had been slightly smaller (0.4%). The
strong

and

internationally

competitive

maritime

sector

drives

Germany’s

competitiveness that helps safeguard growth and employment in Germany. Finland’s
GDP grew by 2.8 per cent in 2017. Gross domestic product, or the value added
created in the production of goods and services, amounted to EUR 224 billion.

In this economic analysis MUNIN (2012), concluded that besides cost savings due to
a higher efficiency of land based services in port and the shore control center an
autonomous ship makes changes in ship design possible which carry potential to
reduce the fuel consumption (and thus emissions as well) of the vessel. Since fuel
cost take on such a dominant position in the total costs of owning and operating a
ship - typically representing between 50% and 70% - any reduction of the fuel
consumption has a strong impact on the financial performance. Reducing crew cost
only without achieving better fuel efficiency will most likely not be enough to justify
total autonomy. Combining crew cost savings and savings due to autonomous ship
designs quite likely will. Second, manning requirements are considered, from the point
of view of the ship masters’ responsibilities, and crewing needs in the Shore Control
Centre.
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These manifest that national governments will fully support the tasks of respective
coastal States as mandated through allocation of appropriate budget and resources.
It is tantamount that every State should ensure security, safety, and protection of the
maritime environment for economic and social development. Hence, management by
coastal State in the future operations of MASS within the jurisdiction of coastal States
to ensure safe, secure, and clean maritime waters is economically viable.

Participants were asked if development
and future operations of MASS will
displace seafarers onboard ships, the
majority of the respondents agreed by
75%

Figure 19: Coastal State interviewee,
Question number 13. Source: Author
created the figure, 2018

.

Results: The majority of the
respondents agreed by 75%
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Chapter 4. POLICY ANALYSIS

In the advent of the disruptive technology such as Maritime Autonomous Surface Ship
(MASS) / Unmanned Ship in the near future, it is imperative that the coastal State
should ensure security, safety, and efficient MASS operations on clean and protected
maritime waters within the coastal waters in the near future. Primary concern of a
coastal State is to provide protection and prevent any maritime accidents and
environmental pollution which could impact its jurisdiction and to take appropriate
measures in case of a pollution incident. The United Nations Convention on the Laws
of the Sea (UNCLOS) provides the rights and enforcement powers of the coastal
States on different maritime zones.

Figure 18: Maritime zones under international law. Source: UNCLOS

This chapter pertains to the policy on regulating and enforcement powers of a coastal
States to monitor vessels in waters within its jurisdiction. The objective is to identify
an appropriate instrument as a basis for coastal State to organize and merge with a
MASS operator particularly in a MASS operations center (MOC) facility in extending
the powers of coastal States in relation to management of future operations of MASS
to ensure secure, safe, and efficient MASS operations on clean and protected coastal
waters.
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4.1. Literature Review
4.1.1. Precautionary coastal States’ Jurisdiction (Sage, B. 2006).
This literature considers the inﬂuence of the precautionary principle on the legal
framework regulating the rights and powers of coastal States to monitor vessels in
waters under their jurisdiction. Definition of the precautionary principle is found in
Principle 15 of the Rio Declaration of the 1992 United Nation Conference on
Environment and Development (UNCED):

In order to protect the environment, the precautionary approach shall be
applied by States according to their capabilities. Where there are threats
of serious or reversible damage, lack of full scientific certainty shall not
be used as a reason for postponing cost-effective measures to prevent
environmental degradation.
4.1.1.1. Coastal States’ Jurisdiction under UNCLOS

UNCLOS Convention acknowledges the coastal states to protect their marine
environment, and provides legal grounds for requests of information from foreign
ships in the territorial seas and EEZ, as well as in providing the coastal State with
rights of inspection, detention, instituting proceedings, and expulsion.

4.1.1.2. Coastal State Jurisdiction in the Territorial Sea

Coastal States do not exercise absolute sovereignty over foreign vessels in their
territorial sea. Sovereignty in the territorial sea is subject to the guarantee of the right
of all ships to innocent passage. coastal States may regulate innocent passage, in
accordance with accepted rules of international law of the sea, and may prevent the
passage of a vessel that is not considered innocent.
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4.1.1.3. Coastal States’ Jurisdiction in the Exclusive Economic Zone
Article 56(1) provides that coastal States have “jurisdiction as provided for in the
relevant provisions of this Convention with regard to ...(iii) the protection and
preservation of the marine environment.”

According to Article 211(1), coastal States must cooperate with other states and the
competent international organization (the IMO) to adopt rules to prevent, reduce, and
control pollution of the marine environment from vessels.

4.1.1.4. Applications of the Precautionary Principle in the IMO
 Purpose of Particularly Sensitive Sea Areas. The concept of identifying
marine areas in order to vest them with a special protected status was
considered by the IMO.
 Precautionary principle applied to IMO activities requires the assessment
of potential harm to an ecosystem posed by shipping activities.
 In International Law of the Sea, there exist several instruments that
impose restrictions on navigation for the protection of the environment. Such
measures under SOLAS include: ships’ routing; the designation of ATBAs
and of Precautionary Areas; TSS, Ship Reporting.

4.1.1.5. Summary
Sage (2006) concluded that measures such as PSSAs, ships’ routing measures, and
VTS are precautionary in essence. They are adopted because international shipping
poses a risk to the marine environment. Their effect may be to restrict the freedom of
navigation of ships in territorial seas, EEZs, and even beyond. The criteria used to
apply such precautionary measures include elements relating to the environmental
sensitivity of the sea areas, weather conditions, as well as the risks posed in relation
to the density of shipping and nature of cargo.
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4.1.2. Regulatory Analysis (Ramboll & CORE, 2017).

This research referenced the regulatory analysis conducted by Ramboll and CORE.
A consortium tasked by Denmark to aid the work on the regulatory scoping exercise
for the use of Maritime Autonomous Surface Ships (MASS) and determine how the
safe, secure and environmentally sound operation of MASS might be introduced
under existing IMO instruments. It is important to bear in mind that regulatory barriers
are merely a part of the overall formula for society’s response to autonomous ships
(Ramboll & CORE, 2017).

4.1.2.1. Autonomy Levels:

Table 15: Autonomy levels in a regulatory context
Autonomy level

Operator’s role

M: Manual navigation with automated
processes and decision support

The operator (master) is on board
controlling the ship which is manned as
per current manning standards. Subject to
sufficient technical support options and
warning systems, the bridge may at times
be unmanned with an officer on standby
ready to take control and assume the
navigational watch.

R: Remote-controlled vessel with
crew on board

The vessel is controlled and operated from
shore or from another vessel, but a person
trained for navigational watch and
maneuvering of the ship will be on board on
standby ready to receive control and assume
the navigational watch, in which case the
autonomy level shifts to level M.

RU: Remote-controlled vessel
without crew on board

The vessel is controlled from shore or from
another vessel and does not have any crew
on board.
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The operating system of the vessel
calculates consequences and risks. The
system is able to make decisions and
determine actions by itself. The operator on
shore is only involved in decisions, if the
system fails or prompts for human
intervention, in which case the autonomy
level will shift to level R or RU, depending
on whether there is crew on board or not.

A: Autonomous vessel

Source: Ramboll and CORE (2017)

The present policies/regulations are designed for existing ships and are manned by
crew. Present regulations diminish as the level of autonomy increases. The number
of regulatory barriers increases as the autonomy level is increased (Ramboll & CORE,
2017). Figure 17 illustrates possible regulatory approaches to autonomous ships at
the national, regional (e.g. the EU) and international (IMO) level (Ramboll and CORE,
2017).

Regulatory level
IMO
regulation

Possibly common EU
regulation for M+R, via
‘route to compliance’
approach

Balti
c

0

1

2

3

4

5

Years from now

Figure 19: Regulatory approaches to autonomous ships (conceptual).
Source: Ramboll and CORE, 2017

Ramboll and CORE (2017) recommended that autonomous ships are regulated
internationally by the IMO to ensure that new autonomous ship types can operate in
as large a geographical area as possible and to avoid jurisdictional issues. Further
test areas be regulated through permits/exemptions on individually adapted terms
rather than through general rules. However, national regulation should in general be
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adjusted to allow for autonomous ships and to ensure that autonomous ships are
covered conceptually once international regulations have been adopted.

4.1.3. Remote and Autonomous Ships. The Next Step (AAWA, 2016).

4.1.3.1. Legal Implications of Remote and Autonomous Shipping.

This paper is focused on the three (3) international rules. First, there are jurisdictional
rules, which lay down states’ rights and obligations to take measures with respect to
ships as laid down in the 1982 UN Convention on the Law of the Sea (UNCLOS).
Second, the technical rules covering, for example safety, environment and training
and watchkeeping standards adopted by the International Maritime Organization
(IMO). Third, a series of international rules have been established in the field of private
law to harmonise issues such as shipowners’ civil liability for pollution, collisions or
cargo related losses and how such claims may be enforced.

4.1.3.2. Coastal State Jurisdiction
The coastal state’s authority over a foreign ship increases with the proximity of the
ship to its shore. If ships present in internal waters, the coastal state has broad
jurisdiction over foreign ships. Internal waters form part of the sovereignty of the state
(Article 2) therefore there is full jurisdiction over foreign ships.

Ships passing through its territorial sea (up to 12 nautical miles from the
coastline/baseline), rights of coastal states are more limited. Under customary law of
the sea, all ships enjoy a right of ‘innocent passage’ through territorial seas of other
states. As long as passage is not “prejudicial to the peace, good order or security of
the coastal state” passage is deemed to be innocent (Article 19(1)). Article 19(2)
provides the list of activities that meet those criteria but activities such as military
activities, use of threat or force, willful and serious pollution, fishing activities and
questions related to a ship’s manning will not as such render passage to non-innocent
under the wording of UNCLOS.
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4.1.4. Autonomous ships. View of the IMO Secretariat, IMO

The race for MASS development is observed at an exponential rate. Rolls Royce
forecasted that by the last quarter of this year is the launching of the remotely
supported vessel that will be operational on certain functions. From 2020 to 2025, a
remote and partially autonomous vessel will be launched operating on local routes or
short distances. However, in an undetermined year within the 2020s the remote and
autonomous ocean going vessels plying on global trade will be launched and become
operational.

Figure 20: MASS industry vision. Source: Rolls Royce

4.1.4.1. Main challenge: Regulatory framework

There are regulatory approaches to the challenges of the regulatory framework for
the development and to operationalize MASS in the near future. Amending the
existing regulations is necessary to eliminate the regulatory barriers. Numerous
existing regulations served as strong barrier for MASS development. MASS being a
new technology lacks regulatory arm to support its development; however, amending
this existing regulations are very tedious and will consume a great deal of time for the
process. Developing a new instrument is an option, however introduction of a new
regulation may also require a tremendous amount of research and political willingness
to prosper. A combination of both amending and introducing a new regulation can be
a good option, depending on the timing and the means of how the combined option is
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conducted. Timing is always essential, and requires the presence of necessary key
elements to be present for its execution. Furthermore, the guidance and
recommendations are relevant to serve as roadmap to address the challenges.

4.3. Summary

Coastal States have the mandates and obligation to ensure security, safety, and
cleanliness and protection of the coastal waters. The Maritime Autonomous Surface
Ship (MASS) or unmanned ships are now considered a reality and will take short time
from now for its operations. Legal barriers are some of the challenges for the
development of MASS, however these barriers do not halt the development and
further advancement of MASS. A merger between the coastal State through a Vessel
Traffic Services (VTS) system and the MASS operator through a MASS operations
center (MOC) is proposed in this research; however, there is lack of legal mandate
for the coastal State to solidify the validity of a merger to be initiated. In the absence
of specific regulations, public and governmental bodies, with powers to oversee the
safety of marine activities, will normally have the general power to authorise the
testing and the use of emerging technology (Global Marine Technology Trends 2030,
2017). Sage, B. (2006), concluded that measures such as Particularly Sensitive Sea
Area (PSSA), ships’ routing measures, and VTS are precautionary in essence. They
are adopted because international shipping poses a risk to the marine environment.
Therefore, the proposed merger of the coastal State via the VTS system and the
MASS operations center may be initiated as a precautionary means to ensure
security, safety and efficient MASS operations with emphasis on clean and protected
coastal waters considering the risk that MASS pose to the jurisdiction of the coastal
State as unmanned vessel and a new technology that is not yet proven.

Ramboll and CORE (2017) concluded that regulatory barriers are just part of the
response of the society towards MASS and as the level of autonomy of MASS
increases, the level of regulatory barrier also increases. The incrementalist nature of
autonomous technology in the maritime industry provides the opportunity to work in
concert with regulators (Thygesen, 2017). Regulations were not designed to cater
future technological advancement that may drive the society for a dramatic change.
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Chapter 5. OPERATIONAL AND ORGANISATIONAL FEASIBILITY

A Maritime Autonomous Surface Ship (MASS) within the coastal State or a cost of
State? This is a very fundamental question and is about reflecting normal operations
of a MASS within coastal waters shadowed by the underlying factors that are to
ensure secure, safe, and efficient MASS operations on clean and protected maritime
waters and it states that “A MASS within a coastal State needs to be efficiently
managed.” The other reflection is for various implications (such as damage to the
marine environment) to the coastal State when any maritime incident involving MASS
operations occurs within coastal waters and hence saying “A MASS of cost to the
State.” The United Nations Convention on Laws of the Sea (UNCLOS) empowers the
coastal States to enforce measures against foreign flag ships, to prevent maritime
accidents and pollution which could affect the territorial waters and the coastal area
and further take appropriate response in case of marine pollution. However, the extent
of these powers depends on the different maritime zones, where a violation occurs
and the ship is navigating (Ehlers, 2018). MASS operations within coastal waters
requires local and national agreements and if the Remote Operations Center (ROC)
is not located in the flag State of the vessel under control, then the operators in the
ROC/RCC might have to follow the law of the flag and the law of the state (coastal
State) where they are based (Twomey, 2018).

Co-operation and Partnerships are keys (Nordseth, 2017) to success of future
operations of MASS. The merger and integration of the coastal State and MASS
operations center (MOC/SCC/RCC) is a concept of co-operation and partnership. It
can be instrumental to achieve the objectives and sustain normal future operations of
MASS. Ando (2018) pointed out that in pursuing optimization of fleet operation the
best combination of integration (PPTO -people, process, technology & organization)
and solving issues with the right partners are indispensable. Step-by-step
implementations of automation should be a part of this improving process. The intent
of this chapter is to identify the organizational and operational feasibility of a merger
between the coastal State and MASS operations center (MOC/SCC/RCC) for the
future operations of maritime autonomous surface ship to ensure secure, safe, and
efficient operations.
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5.1. Literature Review of MASS Research and Projects

5.1.1. Base Control Station Operation (MaritimeUK, 2017)

The Base Control Station (BCS) includes the set of equipment and control units that
are needed for the safe and effective remote control and/or monitoring of the MASS,
or several MASS. Command and control of the MASS and interface with other BCSs
that are separately located is made through the BCS either onboard ship or ashore.

5.1.1.1. Sub-System Architecture

The design of the BCS varies from system to system, but enables tasks to be
undertaken to a level appropriate for the mission, in accordance with the risk
assessment such as:


Operation Planning



Operation Control



Post Operation Analysis

5.1.1.2. Tasking Cycle of the MASS

The MASS tasking cycle is a sub-set of the overarching system life cycle and includes
a number of tasks that involve the operation of the BCS. It is clearly necessary to
define the concept of tasking cycle of the MASS and the roles, responsibilities and
boundaries of those involved in these tasks. Appendix 1 shows the example of a
MASS tasking cycle.
5.1.1.3. Responsibility of the BCS operator within an operational hierarchy
 There will be several personnel involved in the operation of the MASS with different
levels of responsibility and types. The titles given to personnel will depend on the type
of commercial or military application. All personnel involved in the operation
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particularly the BCS operator, must have a clear understanding of their respective
responsibilities.
 Figure 19 below is an example of a responsibility diagram. In this example, the
MASS is launched and operated from the mother ship. The BCS is located in the ship
operations room with a second MASS operator on deck to conduct short range remote
operations using a hand-held console during launch and recovery of the MASS.

Master / Commanding
Officer

Watch Officer

BCS Operator

Ship Crane
Operator (USV
Launch/recovery)

USV Secondary
Operator on Deck
of Ship (Hand-held
Console)

USV Payload
Operator

Figure 21: Responsibility Diagram. Source: MaritimeUK, 2017

5.1.1.4. Transfer of MASS Control

The person responsible for the operation of the MASS is normally the primary BCS
operator, however, in certain circumstances, this responsibility may be transferred to
another person within the operation. Any hand-over of control of the MASS, whether
internally or externally, should be formally planned and strict procedures developed
and adhered to such that the full and itemised responsibility is always clearly allocated
and promulgated both in terms of personnel and jurisdiction.
 Control of the MASS could be transferred from the primary BCS operator
to one of the following operators:
 BCS (Secondary) Operator - Where a network of two or more BCSs
are used at different locations;
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 Remote control using portable / hand held console - for example,
during launch and recovery to/from mother ship or shore side;
 Manual operation - For optionally manned MASS, a qualified coxswain
may take control of the MASS from the helm, for example, during transit,
test scenarios, launch and recovery to/from mother ship or shore side;
 Fully autonomous operations – it is conceivable that in some
circumstances full automated control could be given to the MASS. In this
event, a BCS must be nominated as the immediate fall back if required;
and
 Pilotage – where port or other regulations require that a pilot is
“embarked”, suitable provision must be made to allow the pilot (embarked
on the MASS or using other arrangements) to discharge his duties,
(including taking legal conduct of the navigation of the vessel within
stipulated pilotage waters where applicable), with due regard to any
communications latency issues.
 It may be necessary for the BCS operator to interact with other operators
and consideration should be given to the level of interaction required,
methods of communication and any interdependencies. For example:

 MASS Payload Operation:

MASS payloads such as hull mounted sensors, towed sonars, may be
controlled by a separate operator. This may form part of the MASS system
and associated BCS or configured as a stand-alone system with its own
dedicated BCS.
 MASS Launch and Recovery System:
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Launch and recovery of the MASS may involve the operation of a davit,
crane or similar device. During these events, the davit/crane operator will
have control of the MASS for a period of time;
 MASS start-up / shut down and transfer of control between the BCS
operator and lifting device operator needs to be coordinated:
External support, e.g. chase boats, port/harbour control, with the
responsibility of controlling other vessels within the operational
waterspace.

5.1.1.5. Controlling MASS from a BCS

The BCS should enable the operator to effectively monitor the behaviour of the MASS
at all times, with a sufficient level of data to assess and react to requests including the
following examples:
 Health Status of MASS, including warnings and alerts:
 Built in Test Equipment (BITE) data presented to BCS
 Battery status
 Fuel level
 Engine or equipment condition and performance warnings
 Fire on-board
 MASS navigational data:
 Actual position, Heading, CoG, SoG
 Planned course
 MASS requests
 Request to perform some form of action that requires BCS
authorisation
 Situational Awareness data within vicinity of MASS; For example:
 Target/obstacle Track Data
 Camera data
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 Radar data
 In water sensor data (e.g. obstacle avoidance sonar)
 Sound data (e.g. warnings from other vessels)
 Collision Avoidance:
 Warnings of potential obstacles
 MASS intended action (autonomy level dependent)
 Attack or interference with the MASS or its subsystems
 Chart overlays, including land mass, shipping lanes, charted obstacles
and seabed topography (if required).

5.1.1.6. Relationship between autonomy level and BCS

There are several levels of control. Irrespective of the LoC, the BCS should be
designed to enable the operator to take control of the MASS at any time, including the
ability to change the level of control or shut down the MASS completely.

5.1.1.7. Suggested BCS Operational requirements
 The following operational requirements are provided as illustrations for
guidance:
 The BCS should enable the operator to plan the MASS mission
 The BCS should enable the operator to execute a MASS mission
 The BCS should enable the operator to evaluate the MASS mission
 The BCS should provide the operator with a sufficient level of situational
awareness information both for the safe navigation and control of the MASS
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 The BCS should provide the ability for the operator to re-programme the
required activities and responses of the MASS in timescales appropriate to
the MASSs configuration, location and shipping conditions
 The BCS should enable the operator to take direct control of the MASS at
any time
 In cases where the BCS is unable to assert direct control of the MASS,
e.g. when MASS is operating in level of control 5, special provisions and
control measures should be required to ensure safe operation
 The BCS should alert the operator of any emergency warnings or a
change in condition such as risk of collision, fire on board MASS, MASS
equipment or functional failure/defect or 3rd party attack/interference
 The BCS should alert the operator of any changes to the planned mission,
such as change in speed, heading, collision avoidance manoeuvres
 The BCS should be arranged such that the transfer of control from one
base station to another or from one MASS to another may be undertaken
safely
 The BCS should be compatible with the communications link
 The BCS should store data
 This could include log data for fault diagnosis, scenario reconstruction,
(e.g. collision event), last known coordinates following communications loss
 Sufficient to meet international/local regulations
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 Two or more BCSs could be used to control one MASS from different
locations. Only one BCS should provide control at any one time. Transfer of
control from one BCS to another should be a simple seamless transition
 Only one BCS will exercise control of a MASS at any given time
 The BCS should clearly indicate the control status of the BCS and any
other BCS that forms part of a networked control
 The BCS should provide a sufficient level of security to prevent
unauthorised access. This may include separate account access levels for
operator, maintainer and supervisor purposes
 The BCS should be easy to use. The type of information displayed should
be based on the priority of importance. Safety related warnings, graphical or
audible, should be displayed on the graphical user interface (GUI),
regardless of the GUI configuration

5.1.2. Control Centre for unmanned ships. MARINTEK and SINTEF (Ørnulf Jan
Rødseth, 2014)
MARINTEK and other
partners the MUNIN
project are in need of
the design for
responsibility sharing
between the ship and
shore.
Figure 22: Ship-shore responsibility sharing.
Source: MARINTEK and SINTEF
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5.1.2.1. Fallacies of distributed computing
 The network is reliable
 Latency is zero
 Bandwidth is infinite
 The network is secure
 Topology doesn't change
 There is one administrator
 Transport cost is zero
 The network is homogeneous

5.1.2.2. Autonomous and Remote Mode
 Autonomous execution. The main
operational mode
 Ship system activities follow a
predefined voyage plan, observe the
environment

and

measure

ship

conditions.
 Shore Control Centre Monitor ship
status.
 Communication is maintained by
periodic updates ship-to-shore.

Figure 23: Autonomous execution

5.1.2.3. Autonomous control. Handling of known events
 Ship system activities

62

 Autonomously adapt voyage plan;
and If required involves shore control.
 Shore control center (SCC) ensures
safe

operation

and

if

required

acknowledges decision.
 Communication

performs

event-

based data exchange.

Figure 24: Autonomous control

5.1.2.4. Remote control. Intervention in special situation
 Ship system activities
 Provide navigational data; and
Control is overridden by shore control.
 Shore

control

centre

directly

operates ship (remote bridge); and if
required acknowledges decision.
 Communication as the direct link
(communication tunnel)

Figure 25: Remote control

5.1.2.5. Remote control. Intervention in special situation
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 Ship system activities
 Maintain safety and operate as long as
possible.
 Shore control center Monitor and start
recovery planning.
 No communication.
Figure 26: Remote control

5.1.2.6. Challenges for shore control center design
 Well being
 Comfort and ergonomic workspace
 Satisfaction
 Out of the loop syndrome
 Trust in the systems (and equipment redundancy for confirmation or in
case of technical failure)
 Information overflow
 Training and roles
 Situation awareness
 Loss of ship senses
 Capacity for teamwork
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5.1.2.7. Organisation of shore control center

Figure 27: Organisation of shore control center. Source: MARINTEK and SINTEF

65

5.2.

Proposed organization of coastal State and MASS operations center
(MOC) merger

Coastal State Officer on
Watch (CSOW)
Watch Officer
MASS OPERATIONS CENTER

CAPTAIN AND CHIEF
ENGINEER

MOC OPERATOR /
COASTAL STATE

MOC OPERATOR /
COASTAL STATE

MOC OPERATOR /
COASTAL STATE

Figure 28: Proposed Organization of coastal State and MASS
operations center merger. Source: Author created the figure, 2018

5.2.1 Roles and responsibilities
 Coastal State Officer on Watch (CSOW)
 Assumes watch onboard the merger facility of coastal State-MASS
operations center (MOC);
 Stands watch as the lead watch officer for the duty section.
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 Monitors and ensures the merger facility of coastal State-MASS
operations center are functioning in normal condition in co-operation with
the watch officer of the MOC watch officer.
 MOC Watch Officer
 Assumes watch onboard the merger coastal State-MOC;
 Stands watch as the 2nd lead watch officer for the duty section and cooperates with the CSOW to ensure the MOC are functioning in normal
condition in co-operation with other watch officer of MOC.
 Perform other tasks as necessary.
 Captain role Chief Engineer role
 Monitor operational information;
 Monitor equipment condition;
 Approve voyage plan;
 Approve loading condition;
 Initiate voyage;
 Voice communication;
 Safe state;
 Remote control; and
 Perform other tasks as necessary.
 MASS operations center operator / coastal State duty watch
 Receives commands from the CSOW via the MOC watch officer;
 Responsible for the MASS command and control when operated by the
MOC;
 Responsible for mission planning, execution and post mission evaluation; and
 Perform other tasks as necessary.
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5.2.2. Proposed policies for MASS during passage within coastal State jurisdictions:
 The merger may require MASS (if fully autonomous) to be shifted to remote
control mode during passage and exercising innocent passage on territorial
sea as a security and safety measure during its passage.
 In case of emergencies, such as the operator, MASS is not able to take
appropriate actions, the coastal State through the MASS operations center
should have overriding authority to take appropriate actions/control of the
MASS so as to prevent any maritime incidents or further cause more damage
to property and the marine environment.

5.2.3. MASS Operational Control Scenario:
 Release of MASS control from MOC control to onboard ship control
 Release of MASS control from onboard ship control to MOC control
 Release of MASS Control from MOC to coastal State control

5.3.

Summary

A maritime autonomous surface ship within the coastal State or a cost of State? It
depends. A projection of co-operation and integration between the coastal State and
MASS operations center (MOC) or remote control center (RCC) through a merger will
provide control and strategic management for future MASS operations within coastal
waters to ensure secure, safe, and efficient MASS operations on clean and protected
maritime waters. The merger provides different factors that will contribute to attain
normal operations and achieve a successful completion of a MASS mission. Shipshore connectivity is the most immediate enabler of operational success and
improvement (Carmody, 2017).

The operational and organizational design of the base control station (BCS) by
MaritimeUK is a good model in managing ship-shore operations of MASS to ensure
safe and secure operations. The BCS model provides the necessary ingredients in
managing the whole mission and shows the over-all picture and understanding how
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the BCS will conduct the operation from the start to finish of the mission. In the
operation planning stage, which was clearly specified the operation cycle for MASS.
The diagram was illustrated addressing the different responsibilities and roles of
personnel involved in the mission. The operation control stage provides the different
BCS and MASS control guidance and instructions. The post operation highlights the
conduct of analysis of the post-operation. The analysis is very important as it is a tool
to identify the strengths and weaknesses of the operations and further identify means
of improvement for future operations.

The control center for unmanned ships model by MARINTEK and SINTEF
emphasizes the shared responsibility between the ship (MASS) and shore
(MOC/RCC). This model provides designated functions both of the ship and shore.
The delineated functions of the MASS and MOC supports clarity in the performance
of roles and significantly contributes to the secure and safe operations of
MASS/unmanned ships. The functions of the MASS and MOC/RCC are clearly stated
in the autonomous and remote mode during operations including the organization of
the RCC stating the personnel involved with their respective duties.

The operational and organizational model of Base Control Station (BCS) by
MaritimeUK and the control centre for unmanned ships model by MARINTEK and
SINTEF both provides the organizational and operational structure for MASS and
remote control center (RCC) indicating the respective roles and duties of personnel
involved in MASS and RCC operations; however, from the literature reviewed, coastal
States were not involved in the operations of MASS. However, coastal States are duty
bound and were given powers by the UNCLOS to enforce laws in the security, safety,
and efficient MASS operations on clean and protected maritime waters. Usually
coastal States or any government agencies take action when a maritime incident
already happened through an investigation or a marine inquiry. The purpose of this
investigation is to identify the facts that led to the maritime incident and use the results
of the incident to improve the existing regulations to prevent similar incidents from
happening in the future. In the advent of MASS and other disruptive technologies
affecting the maritime sector, coastal States and other government stakeholders
should not be only on the reactive side, or take actions when an incident already
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happen, coastal States/States should already be involved in stages of operations
wherein MASS and other regular shipping operations have already commenced and
performed preventive measures to maintain and sustain normal future MASS or
present shipping operations. There are many great challenges are with disruptive
technologies such as MASS and should be treated at same level of advancement, in
competence, foresight, technical know-how, responsibility, and initiative to ensure
secure, safe, and efficient MASS operations on clean and protected maritime waters.
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Chapter 6. RESULTS OF RESEARCH QUESTIONS

This chapter pertains to the results of the research questions and other information
collected from MASS research and projects, related literature, interviews and
questionnaires, seminars attended while doing the research at the World Maritime
University and at Baltic International Maritime Conference BIMCO) in Copenhagen,
Denmark.

Further provided in this chapter are the findings of the research drawn from the data
as collected from the questionnaires that addresses the research questions as
follows:

6.1. Research Questions:
 What disruptive threats that MASS may bring in the future of shipping particularly
in safety of navigation and protection of coastal waters?
 How can coastal State manage the future operations of MASS to ensure secure,
safe, and efficient MASS operations on clean and protected coastal waters?
 What legal/policy mandates can coastal States adopt to manage the future MASS
operations to ensure to ensure secure, safe, and efficient MASS operations on clean
and protected coastal waters?
 What strategy and how will the strategy be implemented to manage the future
MASS operations to ensure to ensure secure, safe, and efficient MASS operations on
clean and protected coastal waters?

6.1.1. Research question number 1: What disruptive threats that MASS may bring in
the future of shipping particularly in safety of navigation and protection of coastal
waters?
 The questionnaire results are shown below:
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 Technology is considered not as threat but as a trend and challenge. However,
regarded as threat due to disruptive potentials these technologies can create.
These technologies are:
awareness,

connectivity,

Artificial intelligence (AI), sensors and situational
cyber

security,

energy

management

and

sustainability.
 Regulation and legal challenges. These are the challenges in emergent of
technologies without understanding of regulations and regulations decides
liability. Lack of harmonization of product liability between States and an
insurance coupled with strict liability arrangement.

Participants were asked if they were
aware of the disruptive threats that
MASS may bring in the future of
shipping particularly during navigation
and passage in coastal waters?
Figure 29: Participant question. Source:
Author created the figure, 2018

Result: 83.3% are aware

6.1.2. Research question number 2: How can coastal State manage the future
operations of MASS to ensure secure, safe, and efficient MASS operations on clean
and protected coastal waters?
 The questionnaire results are shown below:
 A merger between the Coastal State through a VTS system and the MASS
Operator through a MASS Operations Center (MOC) to promote co-operation
and collaboration to ensure secure, safe, and efficient MASS operations on
clean and protected coastal waters?
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 Develop a strategy and implementation plan of the strategy with vision of
secure, safe, and efficient MASS operations on clean and protected coastal
waters.
 Regional co-operation and collaboration on future MASS operations to establish
uniformity and international standards (regional to global or global to regional).
 Recommend IMO to regulate operations of MASS and adjustment of national
regulations.

Pareticipants were asked if coownership, shared responsibility, and
shared liability between the coastal
State, autonomous ship operators, and
other stake/shareholders to the future
operations of autonomous shipping
Figure 30: Coastal State participant
question. Source: Author created the figure,
2018

within coastal waters promote better co-

Result: 75% Agreed

clean maritime environment.

operation to ensure, safe, secure, and

Participants were asked about their
awareness of MASS, a unanimous yes
was responded by the respondents.

Figure 31 Coastal State participant question.
Source: Author created the figure, 2018

 6.1.3. Research question number 3: What legal/policy mandates can coastal
States adopt to manage the future MASS operations to ensure to ensure secure, safe,
and efficient MASS operations on clean and protected coastal waters?
 The questionnaire results are shown below:
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 Adoption of Precautionary Coastal State Jurisdiction to initiate the merger
between the coastal State and proposed MASS operations center (MOC).
 Promotion of the Public-Private-Partnership (PPP).

Participants were asked, are you
amenable in the position that as a
Coastal State, preventive measures
rather than reactive measures are
better to ensure safety, secure and
clean maritime environment?
Figure 32 Coastal State participant
question.
Source: Author created the figure, 2018

Result: 91.7% agreed
Participants were asked, were there
any legal barriers that may deter the
development of MASS?

Figure 33: Coastal State participant
question.
Source: Author created the figure, 2018

Result: 58.3% agreed
6.1.4. Research question number 4: What strategy and how will the strategy be
implemented to manage the future MASS operations to ensure to ensure secure, safe,
and efficient MASS operations on clean and protected coastal waters?
 The questionnaire results are shown below:
 Develop the merger between the coastal State and the MASS operations center
(MOC) to initiate the strategy that will be illustrated in a strategy map for the
merger of coastal States and MOC with vision of a secure, safe, and efficient
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MASS operations on clean and protected maritime waters for the future
operations of MASS within coastal waters. The strategy is reinforced by a
balance scorecard that is time bound to identify the specific objectives with the
measures/KPIs and initiatives to be undertaken for the implementation of the
strategy.
Participants were asked if a strategy is
necessary to address the concern of your
coastal state about the development and
operations of MASS in the future.

Figure 34 Coastal State Question.
Source: Author created the figure,
2018

Result: majority of 66.7% agreed
Participants were asked about their opinion,
will

MASS

cooperation

create
among

regional
nations

or
for

global
the

development and future operations of MASS

Figure 35 Coastal State Question.
Source: Author created the figure,
2018

Result: 75% agreed.
Participants were asked about their opinion on
the advent of autonomous ship that may operate
within coastal waters in the future, is cooperation between the Coastal State or Maritime
Administration through the VTS and a MASS
Figure 36: Coastal State question .
Source. Author created the figure

Result: Unanimously agreed with
83.3%

operations center (MOC) or the remote control
center (RCC) for autonomous ship operations
within a single infrastructure or facility be a good
model or concept to perform operations, monitor
and take appropriate actions in time to ensure
safer, more secure, and more protected and
cleaner maritime environment.
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Chapter 7. DRAFT STRATEGY AND IMPLEMENTATION PLAN
The problem statement of this research: “There is no universal strategy to be
implemented by the coastal States to manage the future operations of the maritime
autonomous surface ship (MASS) within coastal waters to ensure secure, safe, and
efficient MASS operations on clean and protected coastal waters”.

To answer the above question, the strategy was developed as illustrated in the
strategy map for the merger of coastal States and a MASS operations center (MOC)
to ensure secure, safe, and efficient MASS operations on clean and protected
maritime waters for the future operations of MASS. The strategy is reinforced by a
balance scorecard to identify the specific objectives with the measures and initiatives
to be undertaken for the strategy implementation.
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7.1. Draft Strategy Map

Figure 37: Strategy Map. Source: Author created the figure, 2018
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7.1.1 PERSPECTIVES
7.1.1.1. Financial/Stewardship Perspective
OBJECTIVES

KPI / MEASURES

INITIATIVES

Growth in MASS
operations

Retention and growth
through new fleet of MASS
operations.

Sustain effective and
efficient management of
MASS operations by the
merger.

Efficient utilization of
resources

Allocation of appropriate
funds to appropriate
recipients/units.

Well thought programme for
management of MASS
operations for allocation of
funds.

Develop revenue source

Retention and growth of
MASS operations.

Sustain effective and
efficient management of
merger of coastal State and
MASS operations Center.

7.1.1.2. Customer/Stakeholder Perspective
OBJECTIVES
Stakeholders/
Customers Satisfaction
and Confidence

KPI / MEASURES

Efficient and effective
operations of MASS
leading to normal MASS
operations and no
incidents related to
operations of MASS as
managed by merger of
coastal State and
SCC/FOC.

INITIATIVES
Efficient and effective
performance of functions.
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7.1.1.3. Internal Process
OBJECTIVES

KPI / MEASURES

INITIATIVES

Merger coastal StateMASS operations center
(MOC/SCC/)
 Integration of things

 Organizational
 Merger and integration of
Integration at SCC/ level
organizational structure
(coastal State and
of coastal State and
MASS operators)
MASS operator
 Integration of
Technology

 Integrated Technology

 Integration of
Operations

 Integrated operations for
coastal State and MASS
operations center merger

 Ship-shore operations
excellence

 Efficient and effective
 Establish
Ship-Shore connectivity,
systems/standard
communications,
operating procedures
operations.
(SOPs) for different
operations.
 Storage of relevant data
and information for
 Create back-up systems
reference and future
through hard drive, cloud
evidence.
etc.

 Integration excellence

Efficient and effective
Clear delineation of functions
performance of respective between the coastal State
functions in the merger.
and MASS operations Center
operators (MOC/SCC).

NATIONAL LEVEL
 National legal
framework and
agreement for merger of
coastal State and MASS
operations center
(MOC/RCC) for uniform
application.

Approved and for
National level awareness by
implementation by national forums and public
law
consultations and other
coordination mechanism.
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 Harmonize regional
and national measures.
 Address regional
challenges and cooperation of the merger.
 Risk management
excellence

Institutionalized measures Form national working group.
Well thought, researched and
collaborated measures.

Immediate identification of Well Studied, researched risk
risks and immediate action assessment and
taken. Institutionalized Risk management system.
Management system.

REGIONAL LEVEL
 International/ regional
legal framework and
agreement for merger of
coastal State and MASS
Operations Center
(MOC/RCC) for uniform
application.
Regional level awareness
and Multi-lateral agreement
 Address regional
at regional level on imerger
challenges and coof coastal State and MASS
operation of the merger. operations center including
search and rescue (SAR)
 Harmonize security,
concerns.
safety, and
environmental
regulations, objectives
and measures for the
merger.

Regional Forum/Consultation
and formation of regional
working group and other
coordination mechanism.

7.1.1.4. Learning and Growth/Organizational Capacity
OBJECTIVES

KPI / MEASURES

INITIATIVES
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Human Capital

Ship Controllers
operating from the MASS
operations center
(MOC/RCC) on shore or
onboard ships.

Training requirements for
Shore Control Center operator
and “IT” knowledge.

Establish Experience
Building to promote
remote control systems
and autonomous
systems

Gain experience and
knowledge from systems

Use human assets more
efficiently

Manage ship/shore personnel
into a single more productive
team

Emergency response
preparedness
Technology
Capital

Technologies for the
development of MASS
operations center
(MOC/RCC).: Artificial
intelligence (AI), sensors
and situational
awareness, connectivity,
cyber security, and energy
management &
sustainability.

Workshop and arrangements
for emergency response.
Integration of technologies as
internet of things (IoT) for the
maritime.

Verify the development of  Gain experience and
technologies
knowledge
 Integrate fleet systems to
improve asset performance

Use technological assets
more efficiently

Use big data to find ways to
improve performance &
reduce accidents
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Safer, more consistent
operations

Organizational Capital

Monitoring of fleet
performance and
improvement

Integrated onshore and
offshore processes and
cent

Integration across ship and
shore

Merger/Partnership of
coastal State and MASS
operations center from
shore

Integration of things (IoT) for
merger between coastal State
and MASS operations center.

7.1.2. PLAN FOR ACTION
 Strategic merger of coastal State and MASS operations center (MOC) shall
define the strategy and set the objectives as follows:
 Develop a strategy map reinforced by balanced scorecard and link objectives
 Develop KPIs, link KPIs to objectives, delete non important KPIs
 Cascade objectives to support units of the merger and other stakeholders
 Develop scorecards and KPIs for the merger
 Set targets and initiatives and align the organization (align process)
 Identify strategic location and acquire appropriate infrastructure for the merger
and management of the operations of MASS
 Acquire appropriate technologies and develop integration of technologies to
support the efficient and effective management of MASS operations by merger of
coastal State and MASS operations center from shore; /computer software system
so that data can be easily collected, visualized and made available to the right
parties
 Train operators/staffs of the merger
 Implementation

7.1.2.1. Plan for practical issues
 Expected time for developing the balanced scorecard is 3-4 weeks
 Expected time for cascading the balanced scorecard to sub level is 4-5 weeks
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 Significant part of the development is done by the project team

7.1.3. Work Plan
OBJECTIVES

Step 1: Strategy Planning

KEY ACTIVITIES

Regional Level
 Design phases of the strategy
 Form the working team
 Kick off
 Consultation about Regional
Operations of MASS and
Strategy for its management

Step 2: Developing the strategy Regional Level
 Completion of draft strategy and
multilateral Regional Strategic
Co-operation
 Review and finalize the strategy
maps and strategic co-operation
to multilateral agreement/cooperation.

EXPECTED
DURATION
Commence 1st
Quarter of 2019

1st Quarter of
2020 to Last
Quarter of 2020

National Level
 From the working team
 Kick off
 National consultation
Step 3: Meetings and follow-up Regional and National Levels
meetings with workshops
 Conduct workshops to confirm
the strategy
 Meetings for clarifications and
receiving agreement
 Approval of strategy and multi
lateral agreement/plan setup of
the integrated MASS operations
center.

2022

83

Step 4: Measurement

2025
 Identification of gaps identified
and action plans are developed.
 Initiatives are identified
 Approval of strategy for national
legislation.
 Start of training and infrastructure
build up at strategic locations.
National / MASS operations center
level

2026

 Process technological
process/manning requirements of
merger bet coastal State and
MASS operations center
 Management information is
reviewed and new reports
are created

Step 5: Set-up integrated
coastal State and MASS
operations center (MOC/SCC)
and

 Automation gaps are identified
and action plans are developed
 Appraisal process is reviewed
A communications system is
developed

2028

 Commence operations of merger
MASS operations center by
simulation and test.
Step 6: Merger readiness
before the launching of remote
and autonomous oceangoing
ships as predicted by Yara and
Rolls Royce within 202x.
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7.2. CONCLUSION

The advent of MASS in the near future will bring massive changes and challenges.
These challenges are in the form of ensuring at least the same level of safety, security,
and for environmental issues as for existing ship operation and vessel traffic that
States need to address. Understanding and build-up of awareness on safety and
security risks of MASS may address these challenges. Legal barriers for the
development and future operations of MASS are significant issues and existing legal
frameworks do not address MASS and advanced technology; therefore, increase in
the autonomy or advancement of technology, will reflect increase in legal barriers.
Furthermore, the need to amend or supplement existing legal framework is a long and
tedious process.

MASS operates independently or autonomously without people onboard resulting in
social challenges due to displacement of seafarers Though MASS will displace people
onboard, a MASS operations center (MOC) or remote control center (RCC) will
emerge and may require experienced seafarers as operators, but shifting from ship
to shore may require additional training particularly on IT and digitalization. Moreover,
there will be an impact on other people, particularly those who are in distress. How
will search and rescue be conducted by MASS and who will be liable if an incident
occurs involving MASS? As per European directives, liability of the carriers of
passengers by sea in the event of accidents, the carrier will still be liable.

Technology is a great challenge in the emergence of MASS, among these
technologies are artificial intelligence (AI) that is experiencing massive growth,
however adoption of it also entails various challenges as sensors and situational
awareness are vast quantities of raw sensory data transformed to actionable
information. Wireless mesh networking (WMN) will be a key technology for
connectivity and further support IoT connectivity; cyber security is adaptive security
architectures that focus on the security needed to support flexible digital ecosystems.

The merger of coastal State and MASS operations center (MOC) is part of the strategy
identified by this research for the first time. It is an innovative idea, created in order to
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manage the future operations of MASS ensuring secure, safe, and efficient MASS
operations on clean and protected coastal waters. However, the main challenge is the
legal basis for the merger. This research sought and identified precautionary
jurisdiction of the coastal State as basis for the implementation of the merger.
Measures such as Particularly Sensitive Sea Area (PSSA), ships’ routing measures,
and VTS are precautionary in essence. They are adopted because international
shipping poses a risk to the marine environment such as the future operations of
MASS within coastal waters. Therefore, precautionary principle is applicable to apply
for the merger as a measure for management of MASS operations to ensure security,
safety, and efficient MASS operations on clean and protected coastal waters.

Moreover, this research developed a draft strategy that provides suggestions for the
means and direction on how to achieve the vision of secure, safe, and efficient MASS
operations on clean and protected coastal waters. The strategy is founded by values
while proceeding for attainment of the vision. These values are CO-OWNERSHIP,
CO-OPERATION,

SHARED

RESPONSIBILITY,

SHARED

LIABILITY,

EXCELLENCE, AND ENABLER. Co-ownership represents inclusivity for and in the
attainment of the vision, which means giving value to the involvement in the process
and in reaching the goal or vision. Co-operation is working together to achieve a goal,
wherein the action of one has implication on the other one. Successful performance
of one significantly contributes for the success of the other one and failure of one will
influence for the failure of the other one. Shared responsibility is inculcating that one
has responsibility for the success of the other one, and one has also responsibility for
the failure of the other one. This will develop responsibility and collaboration to
achieve a common goal. Shared liability, is the performance of one has implication
and impact on the other one and both have shared liability for the outcome. Excellence
is the practice for producing quality performance and output. Quality is above normal
and standards, being usually practiced becomes normal and excellence becomes just
normal. The advent of MASS and other disruptive technology should be an enabler
not a disabler for the development and protection of man and nature. These values
are the foundation of the strategy, that will serve as guide and motivation to achieve
the vision.
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The strategy map illustrates the direction of a strategy and reinforced by a balance
scorecard defining the strategic objectives that states the actions that must be taken
to reach the goals and vision. Critical success factors (measures and initiatives) are
mapped over the four (4) balanced scorecard perspectives and are linked together
recognizing causal relationships among these factors. The following are coastal State
perspectives:

Organizational

capacity,

internal

process,

stakeholders,

and

stewardship. MOC perspective: Learning and growth, internal process, customers,
and financial. The strategy is time bound, so time management is essential to meet
deadlines and deliveries of the objectives and initiatives. The target execution of this
strategy is for 2019 and target completion is for 2028.

7.3. RECOMMENDATION

In view of the foregoing, the researcher recommends further studies to further develop
and approve the strategy and its implementation plan. It is further recommended that
suggestions shall be forwarded to IMO to discuss and maybe adopt the extension of
the jurisdiction of the coastal State on the basis of principles of precautionary
measures in the management of the future safe and reliable operations of MASS on
environmentally clean and protected coastal waters.
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APPENDICES
Appendix 1: Tasking Cycle of MASS

Task
Operation Planning

Pre-deployment
Deployment
Pre-launch
Launch / cast off
Post Launch

Transit
Operation Conduct

Description
Can be conducted ahead of actual operation and
includes:
 Determine operational area;
 Notification and permissions from port/sea
authorities, joint force, other organisations;
 Notice to mariners;
 Environmental assessment;
 RF licences;
 Route planning;
 Infrastructure; and
 Description of incident handling processes and
procedures
Mobilisation and configuration of equipment.
Deploy equipment to operational area by rail, road,
air, sea
Detailed operation planning and system checks.
Normally performed immediately prior to launch.
In water launch or cast off of MASS from mother ship
or from shore side, including lifting operations.
In water equipment checks prior to transit including:
n Propulsion and steering; n Communications links; n
MASS Health / BITE status; n Emergency procedures
and functionality of fail-safe equipment.
Transit to operation start point.
Operation phase which will continue until the planned
operation end time is reached or the operation is
aborted. The operation may consist of one or several
tasks and is highly dependent on the application. The
operation may include re-planning, that is
modification of the pre-launch operation plan, either
automatically or commanded by the BCS. The
operation may include deployment of other vehicles
that perform their own operation. Will include
handling of incidents (via the BCS) that occur during
the operation.
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Replenish

Transit for berthing

Replenishment such as re-fuelling may occur within
an operation or at its margins. This could also include
changing or replacement of various operation
equipment.
Transit to point of berthing.

Berthing of MASS to mother ship, shore side or
jetty/mooring. This could include lifting operations
when recovering to mother ship or land.
Shut down in accordance with check list procedures.
Shut Down
This could also occur prior to or as part of the
recovery procedure.
Post Operation evaluation Post operation analysis could include:
& Analysis
 Analysis of operation data capture;
 Evaluation and reporting of errors, faults, safety
.
related issues;
 Evaluation of the success of the operation; and
 Reporting
of
events
to
authorities,
environmental monitoring agencies etc. as required
Source: MaritimeUK, 2017
Berthing
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Appendix 2.: Base Control Station (MaritimeUK, 2017)

5.1.1.4. Roles and Responsibilities:
 Master/Commanding Officer
 Overall responsible for the ship, her crew, and all operations including
those off board systems (MASS); and
 Authorises the mission plan.
 Watch Officer
 Manages and commands the complete MASS mission;
 Manages the interaction between MASS BCS operator, crane
operator, payload operators etc;
 Involved in mission planning, execution and post mission evaluation;
 Direct communication with equipment operators; and
 If the MASS Watch Officer (MWO) is located in the Operations Room,
then the oversight of crane/deck operations will pass to the commanding
officer on the bridge.
 BCS Operator
 Receives commands from the Watch Officer;
 Responsible for the MASS command and control when operated by
the BCS;
 Responsible for mission planning, execution and post mission
evaluation;
 Could be fully or partially responsible (shared by payload operator) for
launch and recovery of vehicle payloads (ROVs, AUVs, towed systems);
and
 Likely to communicate with other operators, e.g. crane operator,
secondary operator on deck and payload operators.
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Appendix 3: Trends and Challenges in Operations of MASS

Maritime Autonomous Surface Ships: select regulation and liabilities, (Veal, R.,
2018).

Response to challenges
CHALLENGES

RESPONSE

Compliance to International IMO regulatory scoping exercise is a big step
Regulations
forward.
Existing legal framework
 Important distinction between remote control
(unmanned) and autonomous operation
 Clarifications,
supplementations
and
amendments needed
Impact of MASS operations Shift in focus of civil liability
to liability issues.

Autonomous Ships or Unmanned Ships. How the Future Ship will Interact with
Humans? (Villeneau, R.S., 2018)

Response to challenges
CHALLENGES

RESPONSE

 Shore Control Centres (SCC) will emerge;
 New jobs will be needed: Ship’s Controllers
operating from the Shore Control Centers, “Tech
Jobs”;
 Amendment of Maritime Labour Convention
(MLC) 2006, STCW Convention, National
Legislations;
 Legislation will have to look at whether a shore
employee is a seafarer; and
 Need for increased investment in education and
skills to help people adapt to technological change
throughout their careers.
Impact
on
others  No seafarers does not mean no human at all; and
(Passengers and people in  A passenger remains a passenger under the
distress)
existing regulations.
Impact on seafarers
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Impact on Liability

 The carrier is liable whether the ship is
unmanned/autonomous or not.
 Regulation (EC) NO 392/2009 of the European
Parliament and of the Council of 23 April 2009 on
the Liability of the Carriers of passengers by sea in
the event of accidents.

Advance Autonomous Waterborne Applications (AAWA ) Initiative
Response to challenges
CHALLENGES
Safety and security

RESPONSE
 Build up awareness on understanding safety and
security risks;
 Build up risk knowledge gradually and
cumulatively, through comprehensive analyses,
simulator studies, and pilot demonstrator studies.

Global Marine Technology Trend 2030
The concept of autonomously-acting, crewless vessels operating in a mixed
environment’ where some vessels operate under manual control (e.g. pleasure craft)
and others operate autonomously (e.g. shipping).

. Response to challenges
CHALLENGES

RESPONSE

Technology
 Artificial Intelligence  AI is currently experiencing massive growth, fuelled
by investment from nearly all the major industry
vendors, including Google, Apple, Microsoft and
Amazon. Those seeking to adopt the technology
and master its potential opportunities should be
wary of its challenges.
 Sensors and Situational  Smart uses of sensor fusion techniques, big data
Awareness
processing, and intelligent systems to condense
vast quantities of raw sensory data into actionable
information.
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 Connectivity

 A key technology will be Wireless Mesh
Networking (WMN), for automatically establishing
multiple paths through a network based on the
available connectivity;
 Possibility of extending 5G networks further out
to sea, particularly in busy shipping areas. 5G
includes modes to specifically support IoT
connectivity, which could be of value to
autonomous ship IoT architecture; and
 There are many developments in
SATCOM that could revolutionise
off-ship communications.

 Cyber Security
 Adaptive security architectures that focus on the
security needed to support flexible digital
ecosystems, the IoT and AIbased solutions; and
 Ensure robust measures are put in place to
ensure the cyber security aspect of maritime
platforms and infrastructure.
 Three areas to watch will be:
Counter GNSS Spoofing;
Communications; and
Artificial Intelligence (AI)
 Energy Management and
Sustainability
 Autonomous vessels at sea may not even have to
return to harbour to replenish their resources. If
garaging systems are put into place, capable of
replenishment, maintenance as well as recharge, it
may be possible for such vessels to be left to freely
operate;
only
requiring
intervention
for
emergencies;
 Energy source alternatives, such as biofuel, in an
effort to tackle sustainability and environmental
impact; and
 Exploiting innovative power solutions such as
energy harvesting from wave motion and others
that are working on biomimetic designs..
Regulation
and
Legal
Challenges
 Regulations
 A supportive regulatory environment will need to
reflect diversity of autonomous systems. Able to
distinguish between the testing of new technology
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and its operational use. Thus the mixture of selfregulation and legal regulation, as well as its timing,
needs to vary between systems and evolve with
them as they mature;
 In the absence of specific regulations, public
and governmental bodies, with powers to
oversee the safety of marine activities, will
normally have the general power to
authorise the testing and the use of
emerging technology;
 Application of effective risk management is the best
way of advancing new technology;

 Legal

 Self-regulation, involving risk assessment
and management, in addition to the
development of codes of conduct and best
practice guidelines, can go a long way in
demonstrating that the safety of operation
has being dealt with even if in a particular
circumstance a failure has occurred;
 For an autonomous system there would be a
question on what or who caused the damage. The
answer may point to a person who is not an
employee of the owner of the platform but, instead,
the Design Authority, a software developer, or a
technician employed by the manufacturer, or a
contractor. It is then problematic to whom criminal
and administrative responsibility will be attributed
and who will be liable for the damages caused; and
 It follows that the significance of product liability
(i.e. the liability a producer has for damages caused
by the product) will increase. This creates a further
problem;
 Strict liability would, by contrast provide security for
third parties affected by the autonomous system
and confidence that the industry readily accepts
responsibility. However, strict liability may pose
significant obstacles to the operation of
autonomous systems depending on the cost of
obtaining insurance. As other sectors will be
addressing similar issues, a cross sector approach
may be beneficial.
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 Ensuring that insurance cover is available so that
recovery of damages will not depend on any
company’s financial situation. Coupled with strict
liability, such an insurance arrangement provides
the best arrangement for potential claimants, and
the best defence for the autonomous industry,
provided it is seen to have in place the required
financial tools for its operation.
Smart Ships
 From a people perspective, availability and cost of
labour are driving the pace of change in maritime.
In addition to reducing environmental impact,
safety is another driving factor underpinned by a
need to remove people from hazardous work
environments;
 A future where workforce autonomy and intelligent
systems are common place means that the
effective integration of people and technology
should be a primary concern;
 People-machine integration needs to be carefully
considered
from
a
user-centred
design
perspective; and
 Close collaboration between tech providers,
seafarers and behavioural scientists;
 Impact on the nature of
work
 New concepts for traditional tasks, such as watch
keeping, and fundamental changes to working
patterns, for example traditional ‘watches’;
 One radical change could be the rise of the
maritime equivalent to Air Traffic Control, akin to
existing managed waterspace like the English
Channel; and
 Introduction of autonomous systems could make
the maritime sector a more attractive employment
proposition by eliminating many of the more
 People and machine negative aspects of life at sea.
collaboration
 The changes will present new challenges to be
overcome, not least the need for people to re-skill
and up-skill to adapt to the changing nature of work,
and autonomous systems will be the newest
recruits to the maritime sector;
 Insurance
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 Through using autonomous technology that a
user will develop confidence in its capabilities and
begin to trust;
 Given the move towards greater collaboration with
technology, these elements need to be considered
during the early stages of autonomous systems
development; and
 Poor implementation and adoption of emerging
 Skilled seafarers of the tech will ultimately mean that the desired economic
future
or operational benefits are not achieved.
 Workforce planning needs to be informed by a
detailed understanding of how emerging
technology and trends in ship design will shape
future operations;
 Increased requirement for highly specialised
crews and people with expertise in technology and
IT systems (e.g. electro-technical officers);

Remote
and
autonomous
operations will transfer many seafaring jobs
to land-based operations centres;
 ‘Smarter ships’ will require ‘smarter people’ as
they adjust to new routines, lower manning levels,
and technology that is not infallible; and
 Opportunities will favour those individuals,
companies and countries who adapt quickly to skill
and industry obsolescence. It will be necessary to
fundamentally re-evaluate the role of the seafarer.
A view of the Future

 The developments in the Fourth Industrial
Revolution, the adoption of additive manufacturing
and the ability to create ‘bespoke’ products at the
point of use/ consumption will have a direct impact
upon the nature of trade along with the products
that are carried;
 Automation will transform on-shore elements of
shipping, from port infrastructure and cargo
handling through to the land-based logistics and
transportation chain. Ultimately the goal will be a
just-in-time service where shippers and customers
are able to instantaneously tailor dispatches and
receive deliveries from this autonomous logistics
transport chain;
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 Naval defence

 Fully autonomous naval platform technologies will
require new and different levels of support and
oversight. These may include manned centres
ashore, on-board systems (for example on a
mothership which may be in the relative vicinity of
the autonomous system) and the ability to ‘transfer’
control during missions between these local and
remote operational centres.

 Ocean space

 Previously inaccessible regions will be opened up
through the use of autonomous systems. This will
enable access to the wealth of resources within and
under the ocean, and protect the marine
environment through a greater ability to conduct
high-precision, low impact mining and extraction
activities;
 Combined aerial and subsurface autonomous
vehicles will be able to launch small sub-surface
sensor platforms into remote or dangerous regions
(e.g. calving ice shelves in the Antarctic). These will
bring a number of advantages, including the rapiddeployment for emergency pollution monitoring or
to tackle sub-surface oil pipeline and well leakages;
and
 The adoption of maritime autonomous systems
could be a powerful enabler. Need to proactively
resolve the important issues around control, ethics,
informed consent and market uptake as these
systems are designed and implemented.

Autonomous Ships, View of the IMO Secretary

Response to Challenges
CHALLENGES
Regulatory Framework

RESPONSE
 Amend existing regulations;
 Develop a new instrument;
 Combination of both; and
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Framework of the regulatory 

scoping exercise






The future seafarer



Research Projects





Need for guidelines and recommendations.
Definitions and concepts;
Type and size of ships;
Instruments;
Methodology;
Deliverables;
Plan of work;
Intersessional arrangements; and
Coordination mechanism
Training requirements
Remote operator
“IT” knowledge
YARA
RE-VOLT
AAWA
MUNIN

Digitalization and Maritime Autonomous Surface Ships (MASS)
Scoping Exercise

Response to Challenges
CHALLENGES

RESPONSE

Development and evolution
of digital technology

The regulatory regime to be developed after the
finalization of the scoping exercise should cater for
the astonishing pace the digital technology is
evolving.
Responsibility, liability, and
 There is then a need for a detailed consideration
by the Legal Committee so as to ensure that the
insurance
responsibility and liability regimes duly cover the
operation of MASS as and when the technical
IMO’s regulatory regime for the same comes into
force; and
 Dialogue with the insurance industry is also
needed to ensure the coverage of risks emanating
from the MASS’ operations.
Conducts of trials
 Lay down the criteria for Administrations to
authorize ships flying their flags to participate in
trials; and
 Ensure during such trials at least the same level of
safety, security and pollution prevention as
provided in IMO regulations.
Whilst failure of machinery may generally be dealt
Dealing with emergencies
with by means of duplication; incidents such as
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Operations

COLREGs

Construction

Definition

groundings, collisions, fire, flooding of holds and
problems relating to cargoes will need careful
consideration in the context of unmanned or
remotely operated vessels.
Current standard of competence would still be
required and, additionally, the necessary
competence for remote operations in order to
ensure:
 Operation of vessels to the present levels of
safety and security; and
 Provide protection to the environment.
 The need for a radio spectrum for vessel’s
command and control and the consequential
involvement of ITU; and
 The subsequent regulatory framework for
the use of the spectrum
Vast technological development in recent years and
the prospects of MASS becoming a reality will
require a COLREG’s review to ensure that it is fit for
purpose.
The lack of man-machine physical interface on
these vessels entails a careful consideration at the
construction stage as to how to deal not only with
possible breakdowns and accidents, but also with
routine maintenance operations.
It is fundamental to first decide on the definition of
such a new concept in order to set a common
understanding.
 Review and amend the IMO instruments to put in
place an appropriate international regulatory
regime to allow for the operation of MASS; and
 Develop a new bespoke new instrument based
on goals and functional requirements for the
construction and operation of MASS
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Appendix 4: COASTAL STATE QUESTIONNAIRES:

STRATEGY FOR MANAGEMENT OF AUTONOMOUS SHIPS
BY COASTAL STATES TO ENSURE SECURE, SAFE,
AND CLEAN COASTAL WATERS

This is a brief survey / interview to gather views and opinions to support a dissertation
which will research if and how a strategy for the management of operations for
autonomous ships (including unmanned and remote controlled ships) within coastal
waters can ensure safe, secure and clean maritime waters.

Your contribution to this survey / interview is very important.

The questionnaire is anonymous and all information will be analysed and presented
in aggregate. Responding to the questionnaire should take about 30 minutes.
Your interest and response are very much appreciated.

Part I. Demographic Information
1.

Name

2.

Age (Years)

3.

Gender

4.

Nationality

5.

Name of Organization (please specify)

6.

Job description

7.

Current Rank / Position

8.

Number years of experience in the Coastal State service

9.

Number of years of experience in following maritime functions:
Maritime Safety, Maritime Security, Maritime Law Enforcement, Maritime
Search and Rescue, Marine Environmental Protection

10. Do you have seafaring background?
11. Recent capacity in seafaring?
12. Ship type experience?
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13. Coastwise or Oceangoing?
14. Total years of seafaring experience?
15. Total experience in other maritime related profession (Years) (Please specify
the profession and respective years of experience)
16. Highest Educational Attainment

Part II: Strategy for Management of Maritime Autonomous Surface Ships (MASS) by
Coastal States to Ensure Safe, Secure, and Clean Maritime Waters.

1.

Are you aware of the Maritime Autonomous Surface Ship (MASS)?
If yes, do your coastal state support the development of MASS? Why?

2.

Do you have experience about ship automation?
If yes, how does ship automation affect ship operations?

3.

Are you aware of the disruptive threats that MASS may bring in the future of
shipping particularly during navigation and passage in coastal waters?
If yes, please specify these threats and how does your coastal state prepare in
dealing with these threats about MASS?

4.

Do you see disruptive advantages that MASS may bring in the future of
shipping particularly in your coastal waters?
If yes, please specify these advantages and how does your coastal state
prepare in dealing with these advantages about MASS?

5.

Is your Coastal State actively participating in the pro-active measures
concerning development and future operations of MASS?

6.

Will MASS technology significantly reduce marine casualty and further ensure
safety, security of shipping operations and protection of the marine environment
compared to the present technology being utilized within coastal waters and
onboard ship? yes, in what way do your Coastal State gets involve?
If Yes or No, Why and How?
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7.

Will MASS eliminate human error and intervention and further ensure safety of
navigation?

8.

How do you think MASS will affect shipping operations within your coastal wate
Will MASS affect or change the concept about Search and Rescue in the
future?
If yes, why and how do you think Search and Rescue will be conducted for
MASS?

9.

Are there any legal barriers that may deter the development of MASS?
If yes, please specify.

10. What are possible means to deal with these legal barriers for development of
MASS?

11. What is your Coastal State primary concern in the development and operations
of MASS within coastal waters and how does your Coastal State address these
concerns?

12. Is a strategy necessary to address the concern of your coastal state about the
development and operations of MASS in the future?
If yes, why and what strategy does your Coastal State intends to execute?
If no, why?

13. With regards to the employment of seafarers, will development and future
operations of MASS displace seafarers onboard ships?
If yes, is your Coastal State active in addressing this issue?
How is your Coastal State addressing this issue?

14. In your opinion, will MASS create regional or global cooperation among nations
for the development and future operations of MASS?
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If yes, what concerns about MASS that may lead to regional cooperation and
what possible measures can be undertaken?

15. Is casualty investigation after any maritime accident performed by your Coastal
State?

16. Are you amenable in the position that as a Coastal State, preventive measures
rather than reactive measures are better to ensure safety, secure and clean
maritime environment?
If Yes or No, Why?

17. Is co-ownership, shared responsibility, and shared liability between the Coastal
State, Autonomous Ship Operators, and other Stake/Shareholders to the future
operations of autonomous shipping within coastal waters promote better cooperation to ensure, safe, secure, and clean maritime environment?
Why?

18. In the advent of autonomous ship that may operate within coastal waters in the
future, is co-operation between the Coastal State or Maritime Administration
through the VTS and a Fleet Operations Center (FOC) or the Remote Control
Center (RCC) for autonomous ship operations within a single infrastructure or
facility be a good model or concept to perform operations, monitor and take
appropriate actions in time to ensure safer, more secure, and more protected
and cleaner maritime environment?
If Yes or No, Why?

19. Any recommendation to achieve the objective where autonomous shipping
operates in a safe, secure, and clean maritime environment within coastal
waters by means of co-operation between the Coastal State, Autonomous
Shipping operators and other share/stakeholders?
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Appendix 5: MARITIME ADMINISTRATION QUESTIONNAIRES:

STRATEGY FOR MANAGEMENT OF MARITIME AUTONOMOUS SURFACE
SHIPS BY COASTAL STATES TO ENSURE SAFE, SECURE
AND CLEAN COASTAL WATERS

This is a brief survey / interview to gather views and opinions to support a dissertation
which will research if and how a strategy for the management of operations for
autonomous ships (including unmanned and remote controlled ships) within coastal
waters can ensure safe, secure and clean maritime waters.

Your contribution to this survey / interview is very important.

The questionnaire is anonymous and all information will be analysed and presented
in aggregate. Responding to the questionnaire should take about 30 minutes.
Your interest and response are very much appreciated.

Part I. Demographic Information
17. Name
18. Age (Years)
19. Gender
20. Nationality
21. Name of Organization (please specify)
22. Job description
23. Current Rank / Position
24. Number years of experience in the Coastal State service
25. Number of years of experience in following maritime functions:
Maritime Safety, Maritime Security, Maritime Law Enforcement, Maritime
Search and Rescue, Marine Environmental Protection
26. Do you have seafaring background?
27. Recent capacity in seafaring?
28. Ship type experience?
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29. Coastwise or Oceangoing?
30. Total years of seafaring experience?
31. Total experience in other maritime related profession (Years) (Please specify
the profession and respective years of experience)
32. Highest Educational Attainment

Part II: Strategy for Management of Maritime Autonomous Surface Ships (MASS) by
Coastal States to Ensure Safe, Secure, and Clean Maritime Waters.

20. Are you aware of the Maritime Autonomous Surface Ship (MASS)?
If yes, do your MARAD support the development of MASS? Why?

21. Do you have experience about ship automation?
If yes, how does ship automation affect ship operations?

22. Are you aware of the disruptive threats that MASS may bring in the future of
shipping particularly during navigation and passage in coastal waters?
If yes, please specify these threats and how does your MARAD prepare in
dealing with these threats about MASS?

23. Do you see disruptive advantages that MASS may bring in the future of
shipping particularly in your coastal waters?
If yes, please specify these advantages and how does your MARAD prepare in
dealing with these advantages about MASS?

24. Is your MARAD actively participating in the pro-active measures concerning
development and future operations of MASS?

25. Will MASS technology significantly reduce marine casualty and further ensure
safety, security of shipping operations and protection of the marine environment
compared to the present technology being utilized within MARAD and onboard
ship?
26. If yes, in what way do your MARAD gets involve?

111

If Yes or No, Why and How?

27. Will MASS eliminate human error and intervention and further ensure safety of
navigation?

28. How do you think MASS will affect shipping operations within your coastal wate
Will MASS affect or change the concept about Search and Rescue in the
future?
If yes, why and how do you think Search and Rescue will be conducted for
MASS?

29. Are there any legal barriers that may deter the development of MASS?
If yes, please specify.

30. What are possible means to deal with these legal barriers for development of
MASS?

31. What is your MARAD primary concern in the development and operations of
MASS within coastal waters and how does your MARAD address these
concerns?

32. Is a strategy necessary to address the concern of your coastal state about the
development and operations of MASS in the future?
If yes, why and what strategy does your MARAD intends to execute?
If no, why?

33. With regards to the employment of seafarers, will development and future
operations of MASS displace seafarers onboard ships?
If yes, is your MARAD active in addressing this issue?
How is your MARAD addressing this issue?
34. In your opinion, will MASS create regional or global cooperation among nations
for the development and future operations of MASS?
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If yes, what concerns about MASS that may lead to regional cooperation and
what possible measures can be undertaken?

35. Is casualty investigation after any maritime accident performed by your
MARAD?

36. Are you amenable in the position that as a MARAD, preventive measures rather
than reactive measures are better to ensure safety, secure and clean maritime
environment?
If Yes or No, Why?

37. Is co-ownership, shared responsibility, and shared liability between the
MARAD, Autonomous Ship Operators, and other Stake/Shareholders to the
future operations of autonomous shipping within coastal waters promote better
co-operation to ensure, safe, secure, and clean maritime environment?
Why?

38. In the advent of autonomous ship that may operate within coastal waters in the
future, is co-operation between the MARAD or Maritime Administration through
the VTS and a Fleet Operations Center (FOC) or the Remote Control Center
(RCC) for autonomous ship operations within a single infrastructure or facility be
a good model or concept to perform operations, monitor and take appropriate
actions in time to ensure safer, more secure, and more protected and cleaner
maritime environment?
If Yes or No, Why?

39. Any recommendation to achieve the objective where autonomous shipping
operates in a safe, secure, and clean maritime environment within coastal
waters by means of co-operation between the Coastal State, Autonomous
Shipping operators and other share/stakeholders?

113

Appendix 6. Coastal State and maritime administration interview and
response

Hereunder are the research questions and summarized interview responses to the
participants in this research:

Please specify the threats and how does your coastal state prepare in dealing
with these threats about MASS?
 There will be a need to reconsider the current COLREGs regulation such as
navigation lights and avoiding for MASS. It is required to established the separate
sea lanes for the MASS and the conventional manned vessels to avoid head on
situation. If MASS and manned vessels are meeting, the latter should take action
since MASS may be assumed as the privileged vessel.
 Cyber security
 The threat lies in maintaining the safety of navigation when there is any electronic
problem onboard that will interrupt the operation of MASS. Contingencies must be
in place since no crew will be onboard.
 Easy target to be hijacked, enhance extra maritime security personnel in safeguard
safe passage of MASS
 Autonomy surely would bring problems and threats; turf build up consequently
would be one. Hot pursuit would be another. Coordination. What about logistics
support? Of course there would be problems too.
 interface between humans and systems
 Communication with MASS might be difficult. Therefore, we foresee the obligation
to use AIS with call sign in our legislation.

Is co-ownership, shared responsibility, and shared liability between the Coastal
State, Autonomous Ship Operators, and other Stake/Shareholders to the future
operations of autonomous shipping within coastal waters promote better cooperation to ensure, safe, secure, and clean maritime environment?
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 It is needed a lot of discussion before undergoing MASS in the field to distinguish
each responsibility and liability among key stakeholders. Since the accident or
emergency happens in coastal state, it will be a lot easier to be solved. We can
make reference from the current frameworks used for manned vessels to establish
system for the MASS operation.
 I am not sure about this.
 Shared responsibility bring mutual awareness to all party in ensuring all required
safety standards are fully implemented for common good reason.
 It ensures that most, if not everyone, is on the same page and enhances
collaboration and understanding.
 Summing all them up, this is what should be done.
 information sharing is key to ensuring blue economy
 Working together will result in a better technology. This will have a positive effect
on safety and security in our waters and it will enhance the clean maritime
environment.
 Regarding the co-ownership, I think that if coastal states are co-owners of MASS,
the specific needs will be better understood and more easily addressed.
 Greater cooperation is enhanced in having more stake-holders.
 government is not the coinsurer of the commercial enterprise

What concerns about MASS that may lead to regional cooperation and what
possible measures can be undertaken?
 Sharing information and technologies on MASS
 Seminars and workshops
 the suggested Research project on MASS in ASEAN
 Not applicable
 The regional cooperation will be similar to what is currently done for SAR
operations and coordination.
 Enhance global and regional seaborne trade
 Uniformity of actions through proper coordination and cooperation.
 ship positioning and information sharing
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 MASS will enhance Short Sea Shipping (SSS) first. We will need regional
cooperation between ports for standard accomodation.
 Like the current trend in the maritime industry, member government in the IMO has
started discussion about the future of MASS, and sooner or later, new rules,
regulations, and standards will roll and govern this matter.
 Regional cooperation pertaining to the operation of MASS is expected as relay
stations for the control of these vessels will have to be established.
 It will be the new norm.

What legal barriers may deter the development of MASS?
 Follow the recommendation and guideline from the IMO working group
 There will be concerns about liability and insurance coverage for these vessels.
 Not sure if we have legislation on this type of technology. So there maybe barriers
or not.
 Eminent domain and hot pursuit, maybe.
 These matters are discussed at the moment in the IMO correspondence group.
 New qualification and training of builders, operators, and maintenance people.
 Multiple barriers since technology was not contemplated by existing law and
existing law does not permit many MASS concepts and unmanned operations

Is a strategy necessary to address the concern of your coastal state about the
development and operations of MASS in the future? What strategy and how
does your Coastal State intends to execute?
 MASS is the new era for shipping, like changing from wooden ships to steel ships.
So, Coastal state needs to have vision to embrace those by placing the anticipated
strategy. Strategy should be based on not only catching up the way of the
developed countries such as Norway and Denmark but also watching the
development from the company like Roll Royce.
 The strategy will depend on the directives and guidance given by the IMO
concerning the operation of MASS.
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 International cooperation and co-ordination for technical specifications. Also
developing legislation accordingly.
 The strategy will have to deal with the risk of having MASS transiting future areas
of naval and SAR operations.
 Depends on technology and proof of concept
 A lot of research and preparation for the future

In the advent of autonomous ship that may operate within coastal waters in the
future, is co-operation between the coastal State or maritime administration
through the VTS and a remote control center (RCC) for autonomous ship
operations within a single infrastructure or facility be a good model or concept
to perform operations, monitor and take appropriate actions in time to ensure
safer, more secure, and more protected and cleaner maritime environment?
 Marine administration should be monitored directly the movement of autonomous
ship in its coastal areas with the co-operation with Coast Guard.
 Cooperation is always better
 The safe operation of MASS will require coordination and cooperation among the
various stakeholder states in the maritime field. This is important for MASS to gain
regional and global acceptance.
 Maintain good coordination and networking will render smooth operation of MASS
 Not sure.
 With the advent of new technology and positive concerted approach, surely
everything would be smooth sailing.
 information will be shared across board for effective operations and monitoring of
MASS
 It does not need to be a single infrastructure to be a good model or concept.
 Better management of operations.
 High risk situations needing urgent decision from a remote control center can be
addressed real time.
 Depends on degree of shared control, liability, and responsibility.
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Any recommendation to achieve the objective where autonomous ship
operates in a safe, secure, on clean and protected coastal waters by means of
co-operation between the Coastal State, Autonomous Shipping operators and
other share/stakeholders?
 Suggest the Coastal State has positively influence on Autonomous Shipping
operators and other stakeholders. The biggest challenge is the team work
consisting of understanding the roles and responsibilities, co-operation,
collaboration and commitments to achieve the successful operation.
 The various coastal states must commence engaging the respective stakeholders
so that their concerns can be promptly addressed and there must be the requisite
public awareness campaigns about MASS and the advantages to be gained from
them.
 Each party should establish risk assessment for every measures taken to
anticipate and prevent any threat or may result in any possibilities accident.
 I think a lot of research still needs to be done. But inter-ministerial and
intergovernmental collaboration is important.
 IMO must come out with international regulations regarding effective operations of
MASS before they finally start commercial trade.
 MASS vessels is the future of the industry. It is already here, and although it is not
yet in full circle of operation within the maritime industry, sooner or later, shipping
companies will start adopting its concept, particularly when they are looking for
cost effective but yet safer alternative to carriage of goods by sea. However, the
global community, through the member governments, and other stake holders at
the IMO will have to be careful in legislation of rules and standards to safely
implement and operate MASS vessels, and also will have to look at all angles in
determining all the risk, and mitigate such risk accordingly.
 Designate shipping routes specifically for MASS.
 fix lines of cooperation and design insurance schemes that protect all.
 just like any project, there should always be an efficient partnership with all the
players of the game.
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Appendix 7: Ship management interview and response

Hereunder are the research questions and summarized interview responses to the
participants in this research:

Do your company (principals) supports the development of MASS?
 I am advisor to VISMA Consulting a/s of Denmark. The crowding and pollution
issues in the Baltic Sea, North Sea and NorthEast Atlantic are importnat for
Denmark. Danish shipping are early promoters of MASS. So our company is very
interested to support this development with electronic solutions for Maritime
Administrations, including electronic certificates, and electronic ship registry with
live data shared by all stakeholders - shipowners, operators, PSCOs and Flag
State
 It is the future - for many segments of the industry
 My company is a domestic ship owner. This MASS has never been discussed on
the table. The industry is more of a wait and see if it would really materialize
considering the numerous challenges in launching MASS.
 3D's (Dull dirty and dangerous), Safety and efficiency

Please specify the threats and how does your Company, Maritime
Administration, Coastal State address these threats?
 Our company sees the opportunity to increase transparency, timeliness and
reliability of data about shipping operations.
 There is increasing awareness - but still lacks definitive preventive measures
 Reduced crews, collisions, groundings, allisions.
 The impact is not expected to be abrupt. It will be addressed according to the pace
it will be introduced.
 Our Company is a driver in New innovations and have MASS as part of our main
strategy.
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Please specify these advantages and how does your Company, Coastal State,
and Maritime Administration prepare in dealing with these advantages about
MASS?
 In highly concentrated waters, and especially for short sea shipping, the
introduction of ships using renewable resources can be accelerated - cleaner
shipping should result, also MASS can be programmed to respect MPAs; pollution
control can become more effective.
 Reduction of human error-related incidents and increased operational efficiency very minimal actions taken to date.
 Not yet convinced they will be advantages.
 It will reduce the demand for humans.
 Both maritime administration and class if working proactively to adapt to this new
environment

Please specify legal barriers that may deter the development of MASS?
 Yes. Particularly that a vessel must be under command at all times.
 The system has to be changed. Humans has been mandated to learn and
understand the required skills and be certificated. All these requires revision in the
existing mandates by the IMO, one that is designed for MASS.

How will your Company address the issue on the displacement of seafarers
onboard ships due to development of MASS?
 It is necessary to ensure sea-farers develop e-skills urgently
 Company is considering vertical integration. Coastal State and Maritime
Administration has yet to take definitive actions
 They may not. There is much yet to be determined.
 MASS is not yet being discussed in the local shipping industry. However when the
time comes, the first industry that will be affected will be the overseas ships. When
that happens, there will be huge supply of highly trained seafarers moving to
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domestic shipping as an interim employment. That then will benefit us, the
domestic shipping owners.
 On some types of operations, but the main goal is to bring more/new goods of the
roads and use waterways.

Any recommendation to achieve the objective where autonomous shipping
operates in a safe, secure, and clean maritime environment within coastal
waters by means of co-operation between the Coastal State, Autonomous
Shipping operators and other share/stakeholders?
 Inter-governmental cooperation and industry support are key
 We will need much better systems that I have read about to date.
 We should create an international body like the IMO if IMO is not yet the solution
to needed cooperation.

In the advent of autonomous ship that may operate within coastal waters in the
future, is co-operation between the Coastal State or Maritime Administration
through the VTS and a Fleet Operations Center (FOC) or the Remote Control
Center (RCC) for autonomous ship operations within a single infrastructure or
facility be a good model or concept to perform operations, monitor and take
appropriate actions in time to ensure safer, more secure, and more protected
and cleaner maritime environment?
 It is probably unrealistic to have only one single FOC / RCC - there will be private
FOC / RCC for fleet management by shipowners/operators - e.g. CMA CGM has
a FOC already, and there will be competition from various suppliers. But for control
of coastal waters/territorial waters the creation of a national agency with multiple
RCC/FOCs based on the amount of traffic, should certainly be established as there
exists for air traffic control.
 Pros of advancing technology
 Cooperation is always good
 Because the technical capability of doing so is many years away.
 To ensure expected standards are maintained.
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Is co-ownership, shared responsibility, and shared liability between the Coastal
State, Autonomous Ship Operators, and other Stake/Shareholders to the future
operations of autonomous shipping within coastal waters promote better cooperation to ensure, safe, secure, and clean maritime environment? Why?
 Look at the SOPF of Canada, there is joint ownership of responsibility for oil
pollution between public and private partners, while recognising that oil pollution is
inevitable, such an approach is essential - MASS is inevitable so best to establsih
public private partnership groups to address the issues together rather than
seeking to regulate after it is too late.
 It is the only way it can work
 Shared responsibility
 I cannot see such co-operation being truly possible.
 Just like now, humans have IMO as a common stage for all stakeholders. Without
which, MASS will end up having different standards.
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Appendix 8: Growth in Cargo Traffic

Source: PPA
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Appendix 9: Financial Performance, 2017

Source: DBM
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Appendix 10: Target MFO, DOTr 2017

Source: DOTr
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Appendix 11: Number of Registered Domestic Fleet by Type of Service.

Source: MARINA

Appendix 12:

Number of Issued Certificate of Ownership / Certificate of
Registry

Source: MARINA

126

Appendix 13: Licenses / Permits / Certificates Issued

Source: MARINA

Appendix 14: Statement of Comprehensive Income (In Philippine Peso)

Source: PPA
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Appendix 15: Key figures for the Norwegian economy

Sources: Statistics Norway
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Appendix 16: General government financial balance. NOK million

Sources: Statistics Norway and Ministry of Finance

Appendix 17

Figure 38: Distribution of gross domestic product (GDP) across economic sectors
from 2007 to 2017. Source: Statista / World Bank
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Appendix 18: Gross value added by economic sector

Source: Destatis
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